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Abstract: Background: Cannabis is the most widely used illicit drug in the world and there is
growing concern about the mental health effects of cannabis use. These concerns are at least partly
due to the strong increase in recreational and medical cannabis use and the rise in
tetrahydrocannabinol (THC) levels. Cannabis is widely used to self-medicate by older people and
people with brain disorders such as amyotrophic lateral sclerosis (ALS), multiple sclerosis (MS),
Alzheimer’s disease (AD), Parkinson’s disease (PD), bipolar disorder, and schizophrenia.

Objective: This review provides an overview of the perceived benefits and adverse mental health
effects of cannabis use in people with ALS, MS, AD, PD, bipolar disorder, and schizophrenia.

Results: The reviewed studies indicate that cannabis use diminishes some symptoms associated with
these disorders. Cannabis use decreases pain and spasticity in people with MS, decreases tremor,
rigidity, and pain in people with PD, and improves the quality of life of ALS patients by improving
appetite, and decreasing pain and spasticity. Cannabis use is more common among people with
schizophrenia than healthy controls. Cannabis use is a risk factor for schizophrenia which increases
positive symptoms in schizophrenia patients and diminishes negative symptoms. Cannabis use
worsens bipolar disorder and there is no evidence that bipolar patients derive any benefit from
cannabis. In late stage Alzheimer’s patients, cannabis products may improve food intake, sleep
quality, and diminish agitation.

Conclusion: Cannabis use diminishes some of the adverse effects of neurological and psychiatric

disorders. However, chronic cannabis use may lead to cognitive impairments and dependence.

Keywords: Cannabis, dependence, cognition, neurological disorders, schizophrenia, bipolar disorder.

1. INTRODUCTION

Cannabis is one of the most widely used illicit drugs in
the world. The United Nations Office on Drugs and Crime
estimates that worldwide 3-5% of adults use cannabis [1].
The prevalence of cannabis use is very high in countries such
as Ghana (21.5%), Zambia (17.7%), Canada (17.0%), the
United States of America (US, 12.3%), and New Zealand
(13.3%)[1]. It has been estimated that there are 20 million
cannabis users in the US, including 1.2 million medical
cannabis users [2, 3]. About 6 percent of Americans above
the age of 18 will meet the DSM-5 criteria for cannabis use
disorder at some point in their life [4].

In the US, federal law does not allow recreational or
medical cannabis use. However, recreational and medical
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cannabis use is legal in an increasing number of states.
Twenty-three states and the District of Columbia have
legalized the medical use of cannabis and 4 states have
legalized its recreational use. It is expected that cannabis use
will continue to increase as there is growing tolerance towards
the use of cannabis and an increase in the number of patients
who use cannabis for medical purposes [S]. Most cannabis
studies have investigated the effects of cannabis in healthy
adolescents and young adults. However, cannabis is also used
recreationally by older adults and by patients with neurological
and psychiatric disorders to alleviate symptoms associated
with their disorder. A large study with participants from 31
countries showed that 24.1% of cannabis users are between
the ages of 51 and 60, 5.8% between 61 and 70, and 0.6% are
older than 70 [6]. Cannabis use has more than quadrupled
among the 55-59 year olds (1.6 to 7.4%) and doubled among
60-64 year olds (2.4 to 4.4%) between 2002 and 2012 [7].

In addition to the increase in cannabis use in the elderly,
there has also been an increase in the use of cannabis for the
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treatment of neurological disorders [8, 9]. This is in
combination with the dramatic increase in THC levels in
cannabis which could lead to an increase in the number of
people who experience adverse mental health effects [10].
In addition to cannabis, cannabis-based treatments such
as nabiximols (trade name Sativex, cannabis plant extract,
1:1 ratio of CBD:THC), dronabinol (trade name Marinol,
synthetic THC), and nabilone (trade name Cesamet, synthetic
cannabinoid with chemical structure similar to THC) have
also been used by people with brain disorders. Both nabilone
and dronabinol have been approved by the US Food and
Drug Administration (FDA) for the treatment of nausea and
vomiting associated with chemotherapy for cancer and to
stimulate appetite in AIDS patients with wasting syndrome.
Nabiximols is already being used in 15 countries for the
treatment of spasticity associated with multiple sclerosis
(MS) and in the US, Sativex is being reviewed by the FDA
for the treatment of cancer pain. The goal of this review is to
provide insight into the potential beneficial and harmful
effects of cannabis use and cannabis-based treatments in
people with common neurological or psychiatric disorders
and older individuals.

2. CANNABINOIDS

Cannabis has been used in religious ceremonies and for
medical purposes for thousands of years [11]. Cannabidiol
(CBD), the main non-psychoactive component of cannabis,
was isolated in the 1940s and its structure was established in
the 1960s [12, 13]. It wasn’t until 1964 that tetrahydro-
cannabinol (THC) was isolated [14]. Cannabidiol does not
induce intoxication and diminishes the psychotropic effects
of THC [15, 16]. The cannabinoids can be classified into three
groups: phytocannabinoids, endocannabinoids, and synthetic
cannabinoids [17]. More than one hundred phytocannabinoids
have been isolated but in most commercial cannabis strains,
only THC is produced in high levels [18]. Another phyto-
cannabinoid that is sometimes expressed at high levels
is CBD. Furthermore, two endocannabinoids have been
discovered, namely 2-arachidonoyl glycerol (2-AG) and
anandamide [19-21]. Some synthetic cannabinoids have a
much higher potency than THC and have been associated
with severe adverse mental health effects [22]. Cannabinoids
mediate their effects via the activation of the cannabinoid
type 1 (CB)) and type 2 (CB,) receptor. The endogenous
ligands for these receptors are 2-AG and anandamide. The
CB; receptor is one of the most common receptors in the
central nervous system. High levels of CB; receptors have
been detected in the hippocampus, basal ganglia, prefrontal
cortex and cerebellum [23]. The localization of this receptor
in the basal ganglia, hippocampus, and prefrontal cortex
underscores the critical role of the cannabinoid system in the
regulation of motor function and cognition [24]. The CB,
receptors are mostly found in the periphery (thymus and
spleen), but they have also been detected on cerebellar and
brain stem neurons [25]. Cannabinoid type 2 receptor levels
are extremely low in the healthy brain but their levels
increase after injury and inflammation [26, 27]. The CB,
receptors are mainly expressed on activated microglia, which
play a critical role in the removal of dying cells but also
induce the release of cytotoxic molecules that can lead to cell
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death [28, 29]. Activation of the CB, receptor decreases the
release of cytokines and chemokines and diminishes
inflammation and cell death [30, 31].

3. ANIMAL STUDIES

Studies with animals have provided evidence for the fact
that chronic exposure to cannabis smoke, tetrahydrocannabinol
(THC), or CB; receptor agonists leads to the development of
dependence. Cannabis withdrawal leads to somatic withdrawal
signs (e.g., abdominal constriction, wet-dog shakes, head
shakes, forepaw fluttering), anxiety-like behavior, and an
increased release of the stress peptide corticotropin-releasing
factor in the amygdala [32-35]. The negative affective state
associated with drug withdrawal provides powerful motivation
for the continuation of drug use [36, 37]. There is also
extensive evidence that cannabis and THC impair memory
and cognition in rodents. The eight-arm radial maze is a well
validated test for investigating the neuronal mechanisms that
underlie memory [38]. Nakamura et a/. demonstrated that
THC disrupts working memory in the radial maze test [39].
THC inhibits the release of acetylcholine in the hippocampus
and this is likely one mechanism by which it impairs
memory. This is supported by the observation that drugs that
prevent the THC-induced decrease in acetylcholine release in
the hippocampus also prevent memory impairments [40]. It
has also been suggested that repeated THC administration
leads to increased glutamate levels, which induces a
downregulation of glutamate receptors and a reduction in the
density of dendritic spines on hippocampal neurons. This
may reduce synaptic plasticity and thereby cause memory
impairments [41]. Memory impairments due to THC
exposure may gradually diminish over time. In the above
mentioned study by Nakamura ef al., memory function
returned to baseline levels after 4 weeks of abstinence [39].
Another study reported that memory function in mice was
still impaired three weeks after the administration of one low
dose of THC [42]. Therefore, this suggests that the memory
function might recover after cannabis use, but only after an
extended amount of time.

4. ACUTE EFFECTS OF CANNABIS USE

Cannabis has a wide range of subjective effects. The
effects may vary between light and heavy users and can
include feelings of intoxication, euphoria, altered sensory
perception, cognitive and perceptual distortions, anxiety,
dizziness, and increased appetite [43]. The most reliable
markers of acute cannabis exposure are intoxication and
tachycardia [44]. In terms of cognitive processes, there is
extensive evidence that acute cannabis exposure impairs
attentional tasks, consolidation and retrieval of memory,
working memory, verbal memory, learning, and executive
functions [44]. Impaired performance has been consistently
found in multiple aspects of attention, including sustained
attention, divided attention, selective, and focused attention
[45]. Additionally, studies have found executive dysfunction
related to cannabis exposure, including disinhibition and
impaired decision making [46]. Acute cannabis intoxication
in healthy young people causes slower reaction times,
impaired accuracy, and impaired response inhibition [47,
48]. Other frontal dysfunction that has been observed
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includes decreased information processing speed, poor
planning, lack of self-monitoring, and inability to alter
behaviors to suit changing tasks [49-51]. There can also be
alterations in mathematical abilities and time perception,
along with changes in the gross and fine motor skills [52,
53]. Taken together, these studies indicate that acute cannabis
use affects emotional states and dramatically impairs
cognitive processes and motor functions.

5. CHRONIC EFFECTS OF CANNABIS USE

One of the main adverse effects of cannabis use is the
development of dependence. In the US, almost 10% of adults
use cannabis and one third users meet the criteria for cannabis
use disorder [54]. Cannabis use disorder is characterized by a
strong desire to use cannabis, using larger amounts than
intended, and continued usage despite negative social and
physical consequences, craving, tolerance and withdrawal
[55]. It has been estimated that 30% of regular cannabis users
and 50-95% of heavy users experience a cannabis withdrawal
syndrome [56]. Cannabis withdrawal is characterized by
anxiety, depression, irritability, decreased sleep quality along
with the quantity and stomach pain [57, 58]. This negative
affective state plays a critical role in the maintenance of drug
addiction [37]. Studies that have evaluated the long term
effects of cannabis use on cognition are sparse. In one study
in which participants were followed from birth to age 38,
persistent cannabis users had a 6 point reduction in 1Q
compared to non-users [59]. Some longitudinal studies have
shown persistent adverse effects of cannabis use on
neurocognitive performance. These effects depend on the
length of abstinence, age at the onset, or cumulative lifetime
exposure [60]. Significant psychomotor dysfunction has also
been reported in chronic cannabis users [61]. Some recovery
of cognitive function might occur after cessation of cannabis
use. Adolescent cannabis users with 3 weeks of sobriety
demonstrated resolution of learning and verbal memory
deficits, but continued to have difficulty with attentional
tasks [62]. In one longitudinal study in young adults,
episodic memory improved over an eight year abstinence
period [63]. Taken together, this indicates that chronic
cannabis use can lead to loss of control over cannabis use
and cognitive impairments, which may diminish gradually
after a prolonged abstinence period. Chronic cannabis use
can also lead to what is called an amotivational syndrome
[64, 65]. This amotivational syndrome is characterized by
apathy, lack of motivation, and poor educational performance.
Animal studies suggest that the amotivational syndrome is
due to a THC-induced dysregulation of dopaminergic systems
[66]. This is supported by a study with human cannabis users
that showed that cannabis users with the highest level of
apathy had the lowest dopamine synthesis capacity in the
striatum [67].

6. STRUCTURAL CHANGES IN CANNABIS USE

There is extensive evidence for structural and functional
abnormalities in young cannabis users. Chronic cannabis use
leads to changes in gray (cell bodies, dendrites, and
synapses) and white matter (myelinated neuronal tracts)
architecture [68, 69]. There is some evidence that cannabis
use may increase the volume of subregions of the cerebellum
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and amygdala in adolescents [70, 71]. The changes in the
volume of these brain sites were associated with poor
executive functioning (cerebellum) and internalizing problems
(amygdala) [70, 71]. An increase in the volume of a brain
site might be due to disrupted pruning of gray matter during
a critical period in adolescence or possibly abnormal
connectivity patterns that develop to compensate for
cognitive deficits [72]. Although some studies reported that
cannabis use can increase the size of brain regions, the great
majority of the studies found that cannabis use decreases the
volume of brain regions. Cannabis use-induced decreases in
brain volume have been reported for the orbitofrontal cortex,
hippocampus, striatum, and amygdala [69, 73-76]. One of
the most consistent findings has been that cannabis use
decreases the volume of the hippocampus and this correlates
with the amount of cannabis used and the level of dependence
[77]. It should be noted that a recent study reported that daily
cannabis use does not affect the volume of the nucleus
accumbens, amygdala, hippocampus, or cerebellum [78]. It
was suggested that there was no effect of cannabis use on
brain volumes because the study closely controlled for other
factors that may affect the volume of specific brain sites,
such as alcohol use. Taken together, conflicting findings
about the effect of cannabis use on the volume of brain sites
have been reported. Some of these differences might be due
to difference in study design, comorbid drug use, and data
analysis. Well controlled animal studies with young and old
animals are urgently needed to evaluate the effects of cannabis
smoke exposure on the volume of specific brain regions.

Cannabis use is most common among adolescents
and young adults and this period is also critical for brain
myelination. Cannabinoid receptors are found on myelinating
glial cells and are thought to play a role in white matter
integrity and connectivity [79]. A number of studies that
investigated neuronal tracts in the brain using diffusor tensor
imaging have found reductions in white matter integrity
throughout the frontal and temporal lobes in adolescent
cannabis users [68, 80-82]. These abnormalities are associated
with psychological symptoms and cognitive impairments.
Chronic cannabis use also leads to impairments in cerebro-
vascular functioning, which has been associated with an
increased risk for stroke [83, 84]. There is a lack of data
regarding the effects of cannabis use on the brain of the
elderly. The vast majority of cannabis studies have been
conducted with young adults. Given the rapid increase in the
aging population, it is critical to gain a better understanding
of the acute and long-term effects of cannabis use in this

group.

7. CANNABIS AND AMYOTROPHIC LATERAL
SCLEROSIS

Amyotrophic lateral sclerosis (ALS) is a fatal
neurodegenerative disease that rapidly progresses and
primarily affects the motor neurons in the spinal cord and
brain stem. One of the first symptoms is muscle weakness in
one part of the body, which then spreads to other parts.
Furthermore, thirty to fifty percent of ALS patients have
signs of cognitive impairments [85, 86]. Amyotrophic lateral
sclerosis is very rare in people before the age of 40, and the
median age at diagnosis is 65 for males and 67 for females
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[87]. The precise cause of ALS is unknown. However, several
possible causes for ALS have been identified: 1) oxidative
damage, 2) blockade of axonal transport by neurofilaments,
3) toxicity from intracellular aggregates, and 4) glutamate-
mediated excitotoxicity [88]. Although it is not known what
causes ALS, there is strong evidence that inflammation plays
arole in its progression [89]. Amyotrophic lateral sclerosis has
been associated with changes in the endogenous cannabinoid
system and cannabinoid receptor agonists may slow down
the progression of ALS by decreasing inflammation. Animal
studies have shown that endogenous cannabinoid levels are
elevated in spinal cord of symptomatic ALS mice [90].
Interestingly, CB, receptors, but not CB; receptors, are
upregulated in a mouse model for ALS (G93A-SOD1 mutant
mice) [91]. This observation is in line with a recent study in
which CB,; and CB, receptor levels were assessed in TAR-
DNA binding protein-43 (TDP-43) mice [92]. These mice
are considered an animal model for ALS [93]. TDP-43
aggregates have been detected in the brains of ALS patients
and it has been suggested that these aggregates induce toxicity
and cell death [94, 95]. Interestingly, in both male and
female TDP-43 mice there is an upregulation of CB,, but not
CB,, receptors in the spinal cord [92]. Treatment with THC,
the synthetic CB; and CB, receptor agonist WIN55,212-2,
and the selective CB, agonist AM-1241 delays ALS progression
in animal models [91, 96]. Furthermore, the neuroprotective
effects of THC are diminished by CB,; receptor blockade
[97]. Taken together, this suggests that both CB; and CB,
agonists may slow down the progression of ALS.

Cannabinoids target multiple neuronal pathways and
exert anti-inflammatory and neuroprotective effects. A post-
mortem study showed that ALS patients have elevated CB,
receptor levels on microglia in the spinal cord [98].
Unfortunately, CB; receptor levels were not assessed in the
aforementioned study, but studies with animal models for
ALS suggest that ALS is not associated with an upregulation
of CB; receptors [91, 92]. Microglia do not express CB,
receptors under baseline conditions but neuronal damage
leads to microglia activation and the expression of CB,
receptors [99].

Clinical studies suggest that cannabis may improve ALS
symptoms. There is evidence that cannabis helps with pain,
spasticity, drooling, appetite loss, and sleep [100, 101]. In
patients with respiratory failure due to ALS, cannabis may
help by inducing bronchodilation [102, 103]. Overall, these
studies suggest that cannabis diminishes ALS symptoms and
thereby improve the quality of life of patients. Clinical
studies indicate that ALS is associated with high levels of
anxiety and depression [104-106]. Small amounts of
cannabis may help people to relax, induces euphoria, and
decreases anxiety and thereby could also increase the quality
of life of ALS patients [107-109]. Overall, the reviewed
studies suggest that cannabis use may diminish some of the
symptoms associated with ALS and delay disease progression
(See Table 1 for an overview).

8. CANNABIS AND MULTIPLE SCLEROSIS

Multiple Sclerosis is a chronic demyelinating disease of
the central and peripheral nervous system [110, 111]. The
symptoms (e.g., vision problems, muscle weakness, pain,
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balance problems, and paralysis) are due to uncontrolled or
inappropriate neural transmission that gradually worsens
when the disease progresses. During the early stage of the
disease, patients may experience long periods during which
they are relatively symptom free and these periods are
interrupted by flare ups that lasts days to weeks. It has been
suggested that cannabis, THC, nabiximols, and oral cannabis
extract (OCE) may diminish spasticity associated with MS
[112]. Thus far, one cannabis based drug (nabiximols) has
been developed for the treatment of MS. Nabiximols is a
mucosal spray that contains THC and CBD in a 1:1 ratio.
The US FDA has approved nabiximols for clinical trials and
it has been approved in several European countries, Canada,
and New Zealand for the treatment of spasticity associated
with MS.

Animal studies show that cannabinoid receptor agonists
diminish tremors and spasticity in mouse models for MS
[113]. Preclinical studies suggest that spasticity associated
with MS is diminished by CB,;, but not CB,, receptor
agonists [114]. Cannabinoids have neuroprotective effects
due to their action on microglial cells [115, 116]. Medical
cannabis has been shown to decrease spasticity and pain in
MS patients but it has negative effects on posture and
balance [117, 118]. Furthermore, both nabiximols and THC
decrease spasticity in MS patients [119, 120]. Oral cannabis
extract has proven to be very effective for the treatment of
central pain [119]. In addition to this, people with MS often
suffer from severe bladder dysfunction due to the disruption
of neuronal transmission between the brain and bladder.
Some evidence suggests that nabiximols, but not dronabinol
or oral cannabis extract, improves bladder function in people
with MS [119, 121]. The cannabis based treatments did not
reduce tremors in patients with MS [119, 122].

Multiple sclerosis has been associated with cognitive
impairments, depression, and anxiety [123, 124]. It has been
estimated that about 50% of MS patients have cognitive
deficits and suffer from depression [125-127]. Multiple
Sclerosis patients who smoke cannabis have more severe
cognitive impairments than nonusers [128, 129]. Patients
with MS who smoke cannabis perform poorly on tests for
information processing speed, working memory, executive
functioning, and visuospatial perception compared to ALS
patients who do not smoke cannabis [129]. Multiple sclerosis
patients who used cannabis were also twice as likely to be
considered cognitively impaired [129]. Furthermore, in MS
patients who use cannabis there is a correlation between
cognitive impairments and reductions in gray and white
matter volume in medial and lateral temporal regions,
thalamus, basal ganglia, and prefrontal regions [130]. So far
there is no evidence that cannabis use affects anxiety and
depression in MS patients. Overall, the reviewed studies
indicate that cannabis use may diminish spasticity and pain
associated with MS, but chronic cannabis use has a
detrimental effect on cognition in MS patients.

9. CANNABIS AND PARKINSON’S DISEASE

Parkinson’s disease (PD) is a neurodegenerative brain
disorder that decreases quality of life as it leads to bradykinesia
(slow movements), rigidity, and tremors. Parkinson’s has
also been associated with non-motor symptoms that may
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Table 1. Cannabis based treatments and expression of disease symptoms.
Disorder / Drug Effect on Symptoms Type of Study Refs.
ALS
Cannabis (smoked) Appetite (1), anxiety and depression (|), Pain (), spasticity (|), Survey [101, 222]
muscle relaxation (1), drooling (|), sleep (1).
THC (synthetic, dronabinol, drops) Cramp intensity (=) Clinical study [223]
MS
Cannabis (smoked) Spasticity (| ), Pain () Clinical study [117]
THC/CBD (nabiximols, oral spray) Spasticity (| ), Pain () Clinical [120, 224,
studies 225,226,227]
THC (plant extract, oral capsule) Muscle stiffness (|) Clinical study [228]
THC (synthetic, dronabinol, capsule) Spasticity (| ), Pain () Clinical study [119]
THC (synthetic, nabilone, oral capsule, Pain (]) Clinical study [229]
adjunct to gabapentin)
Parkinson’s disease
Cannabis extract (oral capsules) Levodopa-induced dyskinesia (=), Parkinson’s motor symptoms (=). Clinical study [142]
Cannabis leaves (oral leaves) Rigidity (] ), bradykinesia (|), resting tremor (|), levodopa-induced Survey [138]
dyskinesia (])
Cannabidiol Quality of life (1) Clinical study [230]
THC (synthetic, nabilone, oral capsule) levodopa-induced dyskinesia Clinical study [141]
Alzheimer’s disease
THC (dronabinol, synthetic THC, oral Agitation (|), food intake (1), sleep duration (1) Clinical study [154]
capsule)
THC (dronabinol, synthetic THC, oral Disturbed behavior (), body weight gain (1) Clinical study [155]
capsule)
THC (dronabinol, synthetic THC, oral Nocturnal motor activity (), agitation (|), appetite disturbances (|), | Clinical study [156]
capsule) irritability ()
THC (nabilone, synthetic) Agitation (|), resistance during care (]) Case report [231]
Schizophrenia
Cannabidiol All schizophrenia symptoms (Brief Psychiatric Rating Scale) (|) Case report [232]
Cannabidiol Positive and negative symptoms () Clinical study [185]
Bipolar disorder Not evaluated in clinical studies

include psychosis, cognitive impairments, anxiety, and
depression [131]. Parkinson’s symptoms are at least partly
due to the loss of dopaminergic neurons in the substantia
nigra, which leads to a dysregulation of the extrapyramidal
system. There is evidence that the endocannabinoid system
is dysregulated in PD patients. It should be noted, however,
that at this point it is not known if a dysregulation of the
endocannabinoid system contributed to the development of
PD or that PD leads to changes in the endocannabinoid
system. Patients with PD have elevated levels of anandamide
in the cerebrospinal fluid (CSF) and decreased CB; receptor
levels in the basal ganglia [132, 133]. Animal studies suggest
that drugs that target the cannabinoid system might diminish

PD’s motor symptoms and slow disease progression. In a
Marmoset PD model, THC improved both activity and hand-
eye coordination [134]. The phytocannabinoid A9-tetra-
hydrocannabivarin (THCV; CB, receptor antagonist and CB,
receptor agonist) attenuates motor inhibition in the 6-hydro-
xydopamine (6-OHDA) model of PD [135]. Furthermore,
the cannabinoids THC and CBD diminish the neurotoxic
effects of 6-OHDA, and these effects might be mediated by
their antioxidant or anti-inflammatory properties [136]. In
the same animal model, a drug treatment (AM404) that
enhanced anandamide levels also decreased PD symptoms
[137]. Therefore, there is strong preclinical evidence that
increasing cannabinoid tone diminishes PD symptoms.
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Clinical studies suggest that cannabis may diminish the
motor symptoms associated with PD [138, 139]. A small
study with 22 patients showed that smoking cannabis
improves motor symptoms such as resting tremor, rigidity,
bradykinesia, and posture. In the same study, cannabis also
decreased pain and improved sleep quality [139]. It has also
been reported that CBD diminishes REM sleep behavior
disorder in people with PD [140]. Furthermore, the synthetic
cannabinoid receptor agonist nabilone attenuates levodopa-
induced dyskinesia in PD patients [141]. Oral cannabis
extract or CB, receptor blockade with rimonabant does not
improve motor symptoms associated with PD [142, 143].
Overall, clinical studies suggest that cannabis, CBD, and
synthetic cannabinoid agonists may diminish motor symptoms
and pain associated with PD. At this point, only a few
relatively small studies have been conducted and additional
studies are needed before firm conclusions can be drawn
about the effect of cannabis on PD. Furthermore, before
medical cannabis can be recommended to PD patients,
clinical studies are needed to investigate the effects of
cannabis on non-motor systems (hallucinations, cognitive
impairments) associated with PD.

10. CANNABIS AND ALZHEIMER’S DISEASE

Neurocognitive disorders are increasingly prevalent in
the aging population. Alzheimer’s disease (AD) is the most
common age-related neurodegenerative disorder. Alzheimer’s
is truly a brain disease of the elderly; 4.3% of the 75-80 year
olds and 28.5% of the 90 year olds has been diagnosed with
AD [144]. The majority of AD patients are between the ages
of 80 and 85. One of the first clinical symptoms is memory
impairment and this is followed by language and behavioral
problems. Alzheimer’s is characterized by the loss of
synapses and lesions that include plaques composed of an
amyloid (AB) core and neurofibrillary tangles that mainly
consist of hyperphosphorylated tau [145]. Alzheimer’s has
significant effects on the expression of CB, receptors in the
human brain. One study reported a high level of CB,
receptor expression in microglia associated with B-amyloid-
enriched neuritic plaques while CB, receptors were not
detected beyond the borders of the plaques or in the brains of
healthy controls [146]. In contrast, AD does not lead to
changes in CB; receptor levels [146, 147]. The therapeutic
effects of the cannabinoids are hypothesized to be due to
their antioxidant, anti-inflammatory, and neuroprotective
effects, which may diminish the effects of beta-amyloid
toxicity [148, 149]. Animal studies indicate that compounds
that elevate endocannabinoid levels decrease the toxic effects
of beta-amyloid peptide [150]. Furthermore, studies with an
AD mouse model (amyloid-protein precursor/presenilin 1)
show that a THC-CBD mixture decreases amyloid beta
levels and reverses learning impairments [151]. In the same
animal model, a CB, receptor agonist improves cognition,
decreases tau hyper-phosphorylation, and decreases the
expression of pro-inflammatory cytokines [152]. Therefore,
cannabinoid based treatments could potentially slow the
progression of AD.

Cannabis might also be effective for the treatment of late
stage AD symptoms [153]. Several studies have investigated
the effects of dronabinol, which is a synthetic version of
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THC, in late stage AD patients. These studies showed that
dronabinol improves food intake, sleep duration, circadian
rhythm, and decreases agitation in late stage AD patients
[154-157]. The patients received dronabinol for only a short
period of time and it was not investigated if dronabinol
affects memory and cognition. Therefore, additional studies
are needed to investigate the long-term cognitive effects of
THC or THC-like compounds in AD. Overall, these studies
suggest that cannabis may slow down the progression of AD
and decreases some its symptoms. However, additional
insight into the effects of cannabis on cognition in AD
patients is needed.

11. CANNABIS AND BIPOLAR DISORDER

Bipolar disorder is characterized by major depressive and
manic episodes or episodes with mixed depressive and manic
symptoms [55]. Cannabis is the most often used illicit drug
in patients with bipolar disorder and people with bipolar are
seven times more likely to use cannabis than controls [158,
159]. It was initially believed that cannabis might have some
therapeutic effects in bipolar patients, but this is not
supported by recent findings [160]. Cannabis use is associated
with an early age of onset of bipolar disorder, increased
severity, and increased disability [161-163]. Cannabis use in
patients with bipolar also further increases the risk for
suicide [159]. A prospective study showed that cannabis use
is associated with a decrease in long-term remission for
bipolar disorder [164]. A large epidemiological study indicated
that cannabis use increases the risk for manic symptoms
[165]. Cannabis also worsens global functioning in patients
with bipolar disorder [166]. There is no indication for CB;
receptor level changes in people with bipolar disorder [167].
However, a single nucleotide polymorphisms in the CB,
receptor gene (SNP, rs41311993, 524C>A; Leul33lle) is
more common in people with bipolar disorder than in
healthy controls [168]. This gene has been associated with
CB, receptor stability and therefore changes in the CB,
receptor could possibly contribute to the development of
bipolar disorder. Finally, cannabis may alter the metabolism
of medications prescribed for bipolar disorder. Overall, there
are no clear indications that bipolar patients derive a benefit
from cannabis use.

12. CANNABIS AND SCHIZOPHRENIA

Schizophrenia is a mental disorder that typically presents
in late adolescence or early adulthood and is among the top ten
leading causes of disability in the world [169]. Schizophrenia
is characterized by three core symptom groups: positive
symptoms (hallucinations, delusions, grandiosity, paranoia,
and suspiciousness), negative symptoms (blunted affect,
social avoidance, poor rapport, lack of motivation, lack of
spontaneity, and emotional withdrawal), and cognitive
dysfunction [170]. Cannabis use is more common among
people with schizophrenia than in the general population
[171]. In Western countries, 10%20% of the general population
use cannabis while 30%50% of people with schizophrenia
use cannabis [172, 173]. There are several possible explanations
for this. Cannabis might be more rewarding in people with
schizophrenia, it might compensate for brain deficits, or
people with schizophrenia have less control over drug use.



806 Current Neuropharmacology, 2017, Vol. 15, No. 6

There is extensive evidence that the endogenous cannabinoid
system is dysregulated in people with schizophrenia.
Anandamide levels are elevated in the CSF of schizophrenia
patients [174]. Furthermore, post mortem studies have
shown an increase in CB; receptor levels in schizophrenia
patients, especially in the dorsolateral prefrontal cortex,
pons, cingulate cortex, and nucleus accumbens [175-180].

There is extensive evidence that cannabis use increases
the risk for schizophrenia [181]. A large study with 50,087
Swedish men showed that cannabis users are 7 times more
likely to develop schizophrenia than people who do not use
cannabis [182]. This is in line with another large study that
reported an increase in cannabis use in people in the year
before they were first diagnosed with schizophrenia [183]. It
should be noted that the harmful effects of cannabis depend
on the THC:CBD ratio [181]. THC increases the risk for
psychosis but CBD diminishes the effects of THC and even
has antipsychotic effects in people with schizophrenia [184,
185]. During the last decades there has been an increase in
THC levels in cannabis and CBD levels have remained the
same. From 1980 to 2008, the THC concentration in cannabis
products increased from 3 to 9 % while CBD levels remained
stable at 0.4 % [186]. This suggests that cannabis use is more
likely to lead to psychiatric illness and in particular in people
who are genetically predisposed to develop schizophrenia
[187, 188].

It is interesting to note that electroencephalography
(EEG) studies have revealed that chronic cannabis use
disrupts the brains ability to generate synchronized neuronal
oscillations (beta and gamma band activity) [189, 190].
Neuronal oscillations play a critical role in coordinating the
activity between brain sites and a disruption in synchronized
neuronal activity can affect a wide range of brain functions.
Chronic cannabis use induces similar disruptions in neuronal
synchronization as those observed in people with
schizophrenia [191]. Therefore it has been suggested that
cannabis’ effect on neuronal oscillations may contribute to
the development of schizophrenia (for an extensive review
on this topic see [191, 192]).

Cannabis use has a detrimental effect on some
schizophrenia symptoms. Cannabis use worsens positive
symptoms (mainly hallucinations), leads to poor treatment
outcomes, and increases the risk for relapse after a period of
remission [193-196]. It has been suggested that cannabis use
disrupts the endogenous cannabinoid system in the prefrontal
cortex and thereby induces changes in glutamate and GABA
release, which contributes to the development of schizophrenia
[197]. The effects of cannabis use on dopaminergic systems
might also play a role in the development of schizophrenia.
The catechol-O-methyltransferase (COMT) gene plays an
important role in the breakdown of dopamine, and a valine to
methionine mutation (Val'®Met) in this gene leads to a
decrease in dopamine metabolism [198]. It has been suggested
that this mutation by itself does not increase the risk for
schizophrenia but increases the risk for schizophrenia in
people who use cannabis [199]. There is some evidence that
cannabis use may diminish the negative symptoms of
schizophrenia. Several small studies suggest that a majority
of people with schizophrenia use cannabis to diminish
negative symptoms [200, 201].
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The adverse effects of cannabis use might be more severe
for people with schizophrenia than for healthy controls
[202]. Cannabis use leads to a larger decrease in gray matter
volume in people with schizophrenia than in healthy controls
[202]. Interestingly, the decrease in gray matter volume was
greatest in brain areas with high levels of CB, receptors such
as the dorsolateral prefrontal cortex and the anterior cingulate
cortex [203]. Despite the negative effect of cannabis use on
gray matter volume in people with schizophrenia, several
studies suggest that people with schizophrenia who use
cannabis have better cognitive function than people with
schizophrenia who do not use cannabis [204-208]. However,
it has also been reported that people with schizophrenia who
use cannabis have worse cognitive function than patients
who do not use cannabis [209]. It should be noted that it
might be possible that cannabis use does not improve
cognition but that patients who use cannabis have less severe
cognitive impairments than non-cannabis users. It has been
hypothesized that cannabis use in vulnerable young people
can lead to a type of schizophrenia that is characterized by
psychosis and only mild cognitive impairments [208, 210].
In contrast, people who do not use cannabis and develop
schizophrenia have psychotic symptoms and also severe
cognitive impairments.

The endogenous cannabinoid system has been identified
as a target for the treatment of schizophrenia [169]. Since the
1970’s it has been suggested that the cannabinoid CBD has
antipsychotic properties [211]. In the prepulse inhibition
(PPI) paradigm in healthy humans, a weak pre-pulse inhibits
the strong startle response caused by an intense stimulus
(e.g., loud noise) [212]. However, this inhibitory response is
disrupted in people with schizophrenia (i.e., impaired PPI)
[213]. Drugs that induce schizophrenia-like symptoms in
humans such as the NMDA receptor antagonists MK-801
and ketamine also disrupt PPI in rats [212]. A wide range of
antipsychotic drugs diminish the PPI impairment induced by
NMDA receptor antagonists [214]. Interestingly, recent
studies suggest that CBD also attenuates the PPI impairment
induced by the NMDA receptor antagonist MK-801 or
amphetamine [215-217]. This suggests that cannabis might
mediate some effects that resemble those of antipsychotic
drugs.

Taken together, cannabis has a complex effect on
schizophrenia and the effect might depend on the THC and
CBD levels in cannabis. Regular use of cannabis with high
levels of THC has detrimental effects on gray matter and
positive symptoms of schizophrenia. On the other hand,
cannabis does not seem to worsen the cognitive symptoms
associated with schizophrenia and might diminish some of
the negative symptoms. Cannabis with high levels of CBD
and low levels of THC could possibly prevent some of the
deficits in sensory motor gating in patients with schizophrenia.

CONCLUDING REMARKS

The goal of this article is to provide an overview of the
benefits and negative mental health effects of cannabis use
by people with a neurological disorder, bipolar disorder, or
schizophrenia. The reviewed studies indicate that cannabis
use has complex effects and its effects depend on the specific
brain disorder for which it is being used. Clinical studies
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provide evidence that cannabis might diminish some of the
symptoms associated with PD, ALS, and MS. Cannabis use
may decrease spasticity and pain in people with MS,
decrease tremor, rigidity, and pain in people with PD and
improve the quality of life of ALS patients by improving
speech and swallowing, and decreasing spasticity. There is
also evidence that people with schizophrenia use cannabis to
diminish some of the symptoms of their disorders. Cannabis
use might temporarily improve the negative symptoms of
schizophrenia. There is currently no evidence that people
with bipolar disorder derive any benefit from cannabis. The
acute and chronic effects of cannabis use in the elderly are
poorly understood. Aging is associated with physiological
and neurological changes that may affect the response to
cannabis. Changes in lean and fat mass may affect the
volume of distribution of THC, and impairments in THC
clearance may lead to elevated drug levels and increased
drug interactions [218, 219]. Cannabis has large effects on
neurotransmitter release in the hippocampus and prefrontal
cortex and these brain sites also undergo changes during
aging [220, 221]. Because cannabis use in the elderly is on
the rise, clinical and preclinical studies are urgently needed
to investigate the physiological and neurological effects of
cannabis use in the elderly.

Taken together, many people with PD, ALS, MS, and
schizophrenia smoke cannabis to diminish the symptoms
associated with their disorder. It should be noted that while
short term use of cannabis could diminish some of the
symptoms of these disorders, chronic cannabis use can have
adverse long-term effects. It has been firmly established that
chronic cannabis use can lead to the development of
dependence, cognitive impairments, which increases the risk
for depression and anxiety. Cannabis also has adverse
physiological effects such as increasing the risk for lung
diseases and has negative effects on male and female
reproductive systems. Overall, acute cannabis use might
provide temporary relief from a wide range of symptoms
associated with neurological and psychiatric disorders, but
prolonged heavy cannabis use might have adverse effects on
mental and physiological health.

CONFLICT OF INTEREST

The authors confirm that this article content has no
conflicts of interest. One of the authors (AB) was supported
in part by an NIH grant (DA039349) when working on this
review.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

[1] UNODC, United Nations Office on Drugs and Crime, World Drug
Report 2014 (United Nations publication, Sales No. E.14.X1.7)
2014.

[2] SAMHSA Results from the 2013 National Survey on Drug Use and
Health: Summary of National Findings, NSDUH Series H-48, HHS
Publication No. (SMA) 14-4863; Substance Abuse and Mental
Health Services Administration: Rockville, MD, 2014.

[3] ProCon.org. Number of Legal Medical Marijuana Patients., 2016.
Retrieved from: http://medicalmarijuana.procon.org/view.resource.
php?resourcelD=005889

(4]

(5]
(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

Current Neuropharmacology, 2017, Vol. 15, No. 6 807

Hasin, D.S.; Kerridge, B.T.; Saha, T.D.; Huang, B.; Pickering, R.;
Smith, S.M.; Jung, J.; Zhang, H.; Grant, B.F. Prevalence and
correlates of DSM-5 cannabis use disorder, 2012-2013: findings
from the national epidemiologic survey on alcohol and related
conditions-1ll.  4m. J. Psychiatry, 2016, 173(6), 588-599.
[http://dx.doi.org/10.1176/appi.ajp.2015.15070907]

Volkow, N.D.; Compton, W.M.; Weiss, S.R. Adverse health effects
of marijuana use. N. Engl. J. Med., 2014, 371(9), 879.

Hazekamp, A.; Ware, M.A.; Muller-Vahl, K.R.; Abrams, D.;
Grotenhermen, F. The medicinal use of cannabis and cannabinoids-
-an international cross-sectional survey on administration forms. J.
Psychoactive Drugs, 2013, 45(3), 199-210. [http://dx.doi.org/10.
1080/02791072.2013.805976]

Results from the 2012 National Survey on Drug Use and Health:
Summary of National Findings, NSDUH Series H-46, HHS
Publication No. (SMA) 13-4795; Substance Abuse and Mental
Health Services Administration: Rockville, MD, 2013.

Friedman, D.; Devinsky, O. Cannabinoids in the treatment of
epilepsy. N. Engl. J. Med., 2016, 374(1), 94-95. [http://dx.doi.org/
10.1056/NEJMc1512758]

Cerda, M.; Wall, M.; Keyes, K.M.; Galea, S.; Hasin, D. Medical
marijuana laws in 50 states: investigating the relationship between
state legalization of medical marijuana and marijuana use, abuse
and dependence. Drug Alcohol Depend., 2012, 120(1-3), 22-27.
[http://dx.doi.org/10.1016/j.drugalcdep.2011.06.011]

ElSohly, M.A.; Mehmedic, Z.; Foster, S.; Gon, C.; Chandra, S
Church, J.C. Changes in cannabis potency over the last 2 decades
(1995-2014): Analysis of current data in the united states. Biol.
Psychiatry, 2016, 79, 613-619 [http://dx.doi.org/10.1016/j.biopsych.
2016.01.004]

Warf, B. High points: An historical geography of cannabis. Geogr.
Rev., 2014, 104(4), 414-438. [http://dx.doi.org/10.1111/j.1931-
0846.2014.12038.x]

Mechoulam, R.; Parker, L.A.; Gallily, R. Cannabidiol: an overview
of some pharmacological aspects. J. Clin. Pharmacol., 2002,
42(11)(Suppl.), 11s-19s. [http://dx.doi.org/10.1002/j.1552-4604.
2002.tb05998 x]

Todd, A.R. Hashish. Experientia, 1964, 2(2), 55-60. [http://dx.doi.
org/10.1007/BF02163886]

Gaoni, Y.; Mechoulam, R. Isolation, structure, and partial synthesis
of an active constituent of hashish. J. Am. Chem. Soc., 1964, 86(8),
1646-1647. [http://dx.doi.org/10.1021/ja010622a046]
Bhattacharyya, S.; Morrison, P.D.; Fusar-Poli, P.; Martin-Santos,
R.; Borgwardt, S.; Winton-Brown, T.; Nosarti, C. CM, O.C.; Seal,
M.; Allen, P.; Mehta, M.A.; Stone, J.M.; Tunstall, N.; Giampietro,
V.; Kapur, S.; Murray, R.M.; Zuardi, A.W.; Crippa, J.A;
Atakan, Z.; McGuire, P.K., Opposite effects of delta-9-
tetrahydrocannabinol and cannabidiol on human brain function and
psychopathology. Neuropsychopharmacology, 2010, 35(3), 764-
774. [http://dx.doi.org/10.1038/npp.2009.184]

Zuardi, A.W.; Shirakawa, I.; Finkelfarb, E.; Karniol, I.G. Action of
cannabidiol on the anxiety and other effects produced by delta 9-
THC in normal subjects. Psychopharmacology (Berl.), 1982, 76(3),
245-250. [http://dx.doi.org/10.1007/BF00432554]

Sun, Y.; Bennett, A. Cannabinoids: a new group of agonists of
PPARs. PPAR Res., 2007, 2007, 23513. [http://dx.doi.org/10.1155/
2007/23513]

ElSohly, M.; Gul, W. Constituents of Cannabis sativa. In:
Handbook of Cannabis; Iversen, L., Ed.; Oxford University Press:
Oxford, UK, 2014; pp. 3-22. [http://dx.doi.org/10.1093/acprof:oso/
9780199662685.003.0001]

Katona, I.; Freund, T.F. Multiple functions of endocannabinoid
signaling in the brain. Annu. Rev. Neurosci., 2012, 35, 529. [http:/
dx.doi.org/10.1146/annurev-neuro-062111-150420]

Mechoulam, R.; Ben-Shabat, S.; Hanus, L.; Ligumsky, M.
Kaminski, N.E.; Schatz, A.R.; Gopher, A.; Almog, S.; Martin,
B.R.; Compton, D.R. Identification of an endogenous 2-
monoglyceride, present in canine gut, that binds to cannabinoid
receptors. Biochem. Pharmacol., 1995, 50(1), 83-90. [http://dx.doi.
org/10.1016/0006-2952(95)00109-D]

Devane, W.A.; Hanus, L.; Breuer, A.; Pertwee, R.G.; Stevenson,
L.A.; Griffin, G.; Gibson, D.; Mandelbaum, A.; Etinger, A,
Mechoulam, R. Isolation and structure of a brain constituent that
binds to the cannabinoid receptor. Science, 1992, 258(5090), 1946-
1949. [http://dx.doi.org/10.1126/science.1470919]



808 Current Neuropharmacology, 2017, Vol. 15, No. 6

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Seely, K.A.; Lapoint, J.; Moran, J.H.; Fattore, L. Spice drugs are
more than harmless herbal blends: a review of the pharmacology
and toxicology of synthetic cannabinoids. Prog. Neuropsycho-
pharmacol. Biol. Psychiatry, 2012, 39(2), 234-243. [http://dx.
doi.org/10.1016/j.pnpbp.2012.04.017]

Piomelli, D. The molecular logic of endocannabinoid signalling.
Nat. Rev. Neurosci., 2003, 4(11), 873-884. [http://dx.doi.org/
10.1038/nrn1247]

Curran, H.V.; Freeman, T.P.; Mokrysz, C.; Lewis, D.A.; Morgan,
C.J.; Parsons, L.H. Keep off the grass? Cannabis, cognition and
addiction. Nat. Rev. Neurosci., 2016, 17(5), 293-306. [http://dx.doi.
org/10.1038/nrn.2016.28]

Onaivi, E.S. Neuropsychobiological evidence for the functional
presence and expression of cannabinoid CB2 receptors in the brain.
Neuropsychobiology, 2006, 54(4), 231-246. [http://dx.doi.org/10.
1159/000100778]

Maresz, K.; Carrier, E.J.; Ponomarev, E.D.; Hillard, C.J.; Dittel,
B.N. Modulation of the cannabinoid CB, receptor in microglial
cells in response to inflammatory stimuli. J. Neurochem., 2005,
95(2),437-445. [http://dx.doi.org/10.1111/.1471-4159.2005.03380.x]
Carlisle, S.; Marciano-Cabral, F.; Staab, A.; Ludwick, C.; Cabral,
G. Differential expression of the CB, cannabinoid receptor by
rodent macrophages and macrophage-like cells in relation to cell
activation. Int. Immunopharmacol., 2002, 2(1), 69-82. [http://dx.
doi.org/10.1016/S1567-5769(01)00147-3]

Tremblay, M.E.; Stevens, B.; Sierra, A.; Wake, H.; Bessis, A.;
Nimmerjahn, A. The role of microglia in the healthy brain. J.
Neurosci., 2011, 31(45), 16064-16069. [http://dx.doi.org/10.1523/
JNEUROSCI.4158-11.2011]

Dheen, S.T.; Kaur, C.; Ling, E.A. Microglial activation and its
implications in the brain diseases. Curr. Med. Chem., 2007, 14(11),
1189-1197. [http://dx.doi.org/10.2174/092986707780597961]
Sheng, W.S.; Hu, S.; Min, X.; Cabral, G.A.; Lokensgard, J.R;;
Peterson, P.K. Synthetic cannabinoid WINS55,212-2 inhibits
generation of inflammatory mediators by IL-1beta-stimulated
human astrocytes. Glia, 2005, 49(2), 211-219. [http://dx.doi.org/
10.1002/glia.20108]

Stella, N. Cannabinoid and cannabinoid-like receptors in microglia,
astrocytes, and astrocytomas. Glia, 2010, 58(9), 1017-1030. [http:/
dx.doi.org/10.1002/glia.20983]

Aceto, M.D.; Scates, S.M.; Lowe, J.A.; Martin, B.R. Dependence
on delta 9-tetrahydrocannabinol: studies on precipitated and abrupt
withdrawal. J. Pharmacol. Exp. Ther., 1996, 278, 1290-1295.
Bruijnzeel, A.W.; Qi, X.; Guzhva, L.V.; Wall, S.; Deng, J.V;
Gold, M.S.; Febo, M.; Setlow, B. Behavioral characterization
of the effects of cannabis smoke and anandamide in rats. PLoS
One, 2016, 11(4), €0153327. [http://dx.doi.org/10.1371/journal.pone.
0153327]

Wilson, D.M.; Varvel, S.A.; Harloe, J.P.; Martin, B.R.; Lichtman,
AH. SR 141716 (Rimonabant) precipitates withdrawal in
marijuana-dependent mice. Pharmacol. Biochem. Behav., 2006,
85(1), 105-113. [http://dx.doi.org/10.1016/j.pbb.2006.07.018]
Rodriguez de Fonseca, F.; Carrera, M.R.; Navarro, M.; Koob, G.F.;
Weiss, F. Activation of corticotropin-releasing factor in the limbic
system during cannabinoid withdrawal. Science, 1997, 276, 2050-
2054. [http://dx.doi.org/10.1126/science.276.5321.2050]
Bruijnzeel, A.W.; Gold, M.S. The role of corticotropin-releasing
factor-like peptides in cannabis, nicotine, and alcohol dependence.
Brain Res. Brain Res. Rev., 2005, 49(3), 505-528. [http://dx.doi.
org/10.1016/j.brainresrev.2005.01.007]

Koob, G.F.; Volkow, N.D. Neurocircuitry of addiction. Neuro-
psychopharmacology, 2010, 35(1), 217-238. [http://dx.doi.org/10.
1038/npp.2009.110]

Olton, D.S. The radial arm maze as a tool in behavioral
pharmacology. Physiol. Behav., 1987, 40(6), 793-797. [http://dx.
doi.org/10.1016/0031-9384(87)90286-1]

Nakamura, E.M.; da Silva, E.A.; Concilio, G.V.; Wilkinson, D.A.;
Masur, J. Reversible effects of acute and long-term administration
of delta-9-tetrahydrocannabinol (THC) on memory in the rat. Drug
Alcohol Depend., 1991, 28(2), 167-175. [http://dx.doi.org/10.1016/
0376-8716(91)90072-7]

Mishima, K.; Egashira, N.; Matsumoto, Y.; Iwasaki, K.; Fujiwara,
M. Involvement of reduced acetylcholine release in Delta9-
tetrahydrocannabinol-induced impairment of spatial memory in the

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Suryadevara et al.

8-arm radial maze. Life Sci, 2002, 72(4-5), 397-407.
[http://dx.doi.org/10.1016/S0024-3205(02)02274-9]

Chen, R.; Zhang, J.; Fan, N.; Teng, Z.Q.; Wu, Y.; Yang, H.; Tang,
Y.P.; Sun, H.; Song, Y.; Chen, C. Delta9-THC-caused synaptic and
memory impairments are mediated through COX-2 signaling. Cell,
2013, 155(5), 1154-1165. [http://dx.doi.org/10.1016/j.cell.2013.10.
042]

Senn, R.; Keren, O.; Hefetz, A.; Sarne, Y. Long-term cognitive
deficits induced by a single, extremely low dose of tetrahydro-
cannabinol (THC): behavioral, pharmacological and biochemical
studies in mice. Pharmacol. Biochem. Behav., 2008, 88(3), 230-
237. [http://dx.doi.org/10.1016/j.pbb.2007.08.005]

Green, B.; Kavanagh, D.; Young, R. Being stoned: a review of self-
reported cannabis effects. Drug Alcohol Rev., 2003, 22(4), 453-
460. [http://dx.doi.org/10.1080/09595230310001613976]

Lubman, D.I.; Cheetham, A.; Yucel, M. Cannabis and adolescent
brain development. Pharmacol. Ther., 2015, 148, 1-16.
[http://dx.doi.org/10.1016/j.pharmthera.2014.11.009]

Ramaekers, J.G.; Kauert, G.; Theunissen, E.L.; Toennes, SW.;
Moeller, M.R. Neurocognitive performance during acute THC
intoxication in heavy and occasional cannabis users. J. Psycho-
pharmacol., 2009, 23(3), 266-277. [http://dx.doi.org/10.1177/
0269881108092393]

Wrege, J.; Schmidt, A.; Walter, A.; Smieskova, R.; Bendfeldt, K.;
Radue, E.-W.; Lang, U.E.; Borgwardt, S. Effects of cannabis on
impulsivity: a systematic review of neuroimaging findings. Curr.
Pharm. Des., 2014, 20(13), 2126-2137. [http://dx.doi.org/10.2174/
13816128113199990428]

Lane, S.D.; Cherek, D.R.; Tcheremissine, O.V.; Lieving, L.M.;
Pietras, C.J. Acute marijuana effects on human risk taking. Neuro-
psychopharmacology, 2005, 30(4), 800-809. [http://dx.doi.org/10.
1038/sj.npp.1300620]

Spronk, D.B.; De Bruijn, E.R.; van Wel, J.H.; Ramaekers, J.G.;
Verkes, R.J. Acute effects of cocaine and cannabis on response
inhibition in humans: an ERP investigation. Addict. Biol., 2015, 21,
1186-1198.

Lisdahl, K.M.; Price, J.S. Increased marijuana use and gender
predict poorer cognitive functioning in adolescents and emerging
adults. J. Int. Neuropsychol. Soc., 2012, 18(4), 678-688. [http:/dx.
doi.org/10.1017/S1355617712000276]

Crean, R.D.; Crane, N.A.; Mason, B.J. An evidence based review of
acute and long-term effects of cannabis use on executive cognitive
functions. J. Addict. Med., 2011, 5(1), 1-8. [http://dx.doi.org/10.
1097/ADM.0b013¢31820c23fa]

Thames, A.D.; Arbid, N.; Sayegh, P. Cannabis use and neuro-
cognitive functioning in a non-clinical sample of users. Addict.
Behav., 2014, 39(5), 994-999. [http://dx.doi.org/10.1016/j.addbeh.
2014.01.019]

O'Leary, D.S.; Block, R.I.; Turner, B.M.; Koeppel, J.; Magnotta,
V.A.; Ponto, L.B.; Watkins, G.L.; Hichwa, R.D.; Andreasen, N.C.
Marijuana alters the human cerebellar clock. Neuroreport, 2003,
14(8), 1145-1151. [http://dx.doi.org/10.1097/00001756-200306110-
00009]

Anderson, B.M.; Rizzo, M.; Block, R..; Pearlson, G.D.;
O'Leary, D.S. Sex, drugs, and cognition: effects of marijuana. J.
Psychoactive Drugs, 2010, 42(4), 413-424. [http://dx.doi.org/10.
1080/02791072.2010.10400704]

Hasin, D.S.; Saha, T.D.; Kerridge, B.T.; Goldstein, R.B.; Chou,
S.P.; Zhang, H.; Jung, J.; Pickering, R.P.; Ruan, W.J.; Smith, S.M.;
Huang, B.; Grant, B.F. Prevalence of marijuana use disorders in the
United States between 2001-2002 and 2012-2013. JAMA Psychiatry,
2015, 72(12), 1235-1242. [http://dx.doi.org/10.1001/jamapsychiatry.
2015.1858]

American Psychiatric Association. Diagnostic and statistical
manual of mental health disorders, fifth edition (DSM-5), 5" ed.;
American Psychiatric Publishing: Washington, DC, 2013.

Hasin, D.S.; O'Brien, C.P.; Auriacombe, M.; Borges, G.; Bucholz,
K.; Budney, A.; Compton, W.M.; Crowley, T.; Ling, W.; Petry,
N.M.; Schuckit, M.; Grant, B.F. DSM-5 criteria for substance use
disorders: recommendations and rationale. Am. J. Psychiatry, 2013,
170(8), 834-851. [http://dx.doi.org/10.1176/appi.ajp.2013.12060782]

Haney, M.; Ward, A.S.; Comer, S.D.; Foltin, R.W.; Fischman,
M.W. Abstinence symptoms following oral THC administration to
humans. Psychopharmacology (Berl), 1999, 141, 385-394.
[http://dx.doi.org/10.1007/s002130050848]



Pros and Cons of Medical Cannabis use by People with Chronic Brain Disorders

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

Haney, M.; Ward, A.S.; Comer, S.D.; Foltin, R.W.; Fischman,
M.W. Abstinence symptoms following smoked marijuana in
humans. Psychopharmacology (Berl), 1999, 141, 395-404.
[http://dx.doi.org/10.1007/s002130050849]

Meier, M.H.; Caspi, A.; Ambler, A.; Harrington, H.; Houts, R.;
Keefe, R.S.; McDonald, K.; Ward, A.; Poulton, R.; Moffitt, T.E.
Persistent cannabis users show neuropsychological decline from
childhood to midlife. Proc. Natl. Acad. Sci. US4, 2012, 109(40),
E2657-E2664. [http://dx.doi.org/10.1073/pnas.1206820109]
Becker, B.; Wagner, D.; Gouzoulis-Mayfrank, E.; Spuentrup, E.;
Daumann, J. Altered parahippocampal functioning in cannabis
users is related to the frequency of use. Psychopharmacology
(Berl.), 2010, 209(4), 361-374. [http://dx.doi.org/10.1007/s00213-
010-1805-z]

King, G.R.; Ernst, T.; Deng, W.; Stenger, A.; Gonzales, R.M.;
Nakama, H.; Chang, L. Altered brain activation during visuomotor
integration in chronic active cannabis users: relationship to cortisol
levels. J. Neurosci., 2011, 31(49), 17923-17931. [http://dx.doi.org/
10.1523/INEUROSCI.4148-11.2011]

Medina, K.L.; Hanson, K.L.; Schweinsburg, A.D.; Cohen-Zion,
M.; Nagel, B.J.; Tapert, S.F. Neuropsychological functioning in
adolescent marijuana users: subtle deficits detectable after a month
of abstinence. J. Int. Neuropsychol. Soc., 2007, 13(5), 807-820.
[http://dx.doi.org/10.1017/S1355617707071032]

Tait, R.J.; Mackinnon, A.; Christensen, H. Cannabis use and
cognitive function: 8-year trajectory in a young adult cohort.
Addiction, 2011, 106(12), 2195-2203. [http://dx.doi.org/10.1111/j.
1360-0443.2011.03574 x]

McGlothlin, W.H.; West, L.J. The marihuana problem: an
overview. Am. J. Psychiatry, 1968, 125(3), 126-134. [http://dx.doi.
org/10.1176/ajp.125.3.370]

Volkow, N.D.; Swanson, J.M.; Evins, A.E.; DeLisi, L.E.; Meier,
M.H.; Gonzalez, R.; Bloomficld, M.A.; Curran, H.V.; Baler, R.
Effects of cannabis use on human behavior, including cognition,
motivation, and psychosis: a review. JAMA Psychiatry, 2016, 73(3),
292-297. [http://dx.doi.org/10.1001/jamapsychiatry.2015.3278]
Ginovart, N.; Tournier, B.B.; Moulin-Sallanon, M.; Steimer, T.;
Ibanez, V.; Millet, P. Chronic A9-tetrahydrocannabinol exposure
induces a sensitization of dopamine D2/3 receptors in the
mesoaccumbens and nigrostriatal systems. Neuropsychopharmacology,
2012, 37(11), 2355-2367. [http://dx.doi.org/10.1038/npp.2012.91]
Bloomfield, M.A.; Morgan, C.J.; Kapur, S.; Curran, H.V.; Howes,
0O.D. The link between dopamine function and apathy in cannabis
users: an [18F]-DOPA PET imaging study. Psychopharmacology
(Berl.), 2014, 231(11), 2251-2259. [http://dx.doi.org/10.1007/
s00213-014-3523-4]

Shollenbarger, S.G.; Price, J.; Wieser, J.; Lisdahl, K. Poorer
frontolimbic white matter integrity is associated with chronic
cannabis use, FAAH genotype, and increased depressive and
apathy symptoms in adolescents and young adults. Neuroimage
Clin., 2015, 8, 117-125. [http://dx.doi.org/10.1016/j.nicl.2015.03.024]
Cousijn, J.; Wiers, R.W.; Ridderinkhof, K.R.; van den Brink, W ;
Veltman, D.J.; Goudriaan, A.E. Grey matter alterations associated
with cannabis use: results of a VBM study in heavy cannabis users
and healthy controls. Neuroimage, 2012, 59(4), 3845-3851.
[http://dx.doi.org/10.1016/j.neuroimage.2011.09.046]

Medina, K.L.; Nagel, B.J.; Tapert, S.F. Abnormal cerebellar
morphometry in abstinent adolescent marijuana users. Psychiatry Res.,
2010, 782(2), 152-159. [http://dx.doi.org/10.1016/j.pscychresns.
2009.12.004]

McQueeny, T.; Padula, C.B.; Price, J.; Medina, K.L.; Logan, P.;
Tapert, S.F. Gender effects on amygdala morphometry in
adolescent marijuana users. Behav. Brain Res., 2011, 224(1), 128-
134. [http://dx.doi.org/10.1016/1.bbr.2011.05.031]

Lisdahl, K.M.; Wright, N.E.; Kirchner-Medina, C.; Maple, K.E.;
Shollenbarger, S. The effects of regular cannabis use on
neurocognition in adolescents and young adults. Curr. Addict. Rep.,
2014, 1(2), 144-156. [http://dx.doi.org/10.1007/s40429-014-0019-
6]

Churchwell, J.C.; Lopez-Larson, M.; Yurgelun-Todd, D.A. Altered
frontal cortical volume and decision making in adolescent cannabis
users. Front. Psychol, 2010, 1, 225. [http://dx.doi.org/10.3389/
fpsyg.2010.00225]

Ashtari, M.; Avants, B.; Cyckowski, L.; Cervellione, K.L.; Roofeh,
D.; Cook, P.; Gee, J.; Sevy, S.; Kumra, S. Medial temporal

[75]

[76]

[77]

(78]

[79]

(80]

(81]

(82]

(83]

[84]

(85]

[86]

(87]

(88]

(89]

[90]

[91]

Current Neuropharmacology, 2017, Vol. 15, No. 6 809

structures and memory functions in adolescents with heavy
cannabis use. J. Psychiatr. Res., 2011, 45(8), 1055-1066.
[http://dx.doi.org/10.1016/j.jpsychires.2011.01.004]

Yucel, M.; Solowij, N.; Respondek, C.; Whittle, S.; Fornito, A.;
Pantelis, C.; Lubman, D.I. Regional brain abnormalities associated
with long-term heavy cannabis use. Arch. Gen. Psychiatry, 2008,
65(6), 694-701. [http://dx.doi.org/10.1001/archpsyc.65.6.694]
Filbey, F.M.; Aslan, S.; Calhoun, V.D.; Spence, J.S.; Damaraju, E.;
Caprihan, A.; Segall, J. Long-term effects of marijuana use on the
brain. Proc. Natl. Acad. Sci. US4, 2014, 111(47), 16913-16918.
[http://dx.doi.org/10.1073/pnas.1415297111]

Batalla, A.; Bhattacharyya, S.; Yucel, M.; Fusar-Poli, P.; Crippa,
J.A.; Nogue, S.; Torrens, M.; Pujol, J.; Farre, M.; Martin-Santos, R.
Structural and functional imaging studies in chronic cannabis users:
a systematic review of adolescent and adult findings. PLoS One,
2013, 8(2), e55821. [http://dx.doi.org/10.1371/journal.pone.0055821]
Weiland, B.J.; Thayer, R.E.; Depue, B.E.; Sabbineni, A.; Bryan,
A.D.; Hutchison, K.E. Daily marijuana use is not associated with
brain morphometric measures in adolescents or adults. J. Neurosci.,
2015, 35(4), 1505-1512. [http://dx.doi.org/10.1523/INEUROSCI.
2946-14.2015]

Molina-Holgado, E.; Vela, J.M.; Arevalo-Martin, A.; Almazan, G.;
Molina-Holgado, F.; Borrell, J.; Guaza, C. Cannabinoids promote
oligodendrocyte progenitor survival: involvement of cannabinoid
receptors and phosphatidylinositol-3 kinase/Akt signaling. J.
Neurosci., 2002, 22(22), 9742-9753.

Ashtari, M.; Cervellione, K.; Cottone, J.; Ardekani, B.A.; Sevy, S.;
Kumra, S. Diffusion abnormalities in adolescents and young adults
with a history of heavy cannabis use. J. Psychiatr. Res., 2009,
43(3), 189-204. [http://dx.doi.org/10.1016/j.jpsychires.2008.12.002]
Clark, D.B.; Chung, T.; Thatcher, D.L.; Pajtek, S.; Long, E.C.
Psychological dysregulation, white matter disorganization and
substance use disorders in adolescence. Addiction, 2012, 107(1),
206-214. [http://dx.doi.org/10.1111/j.1360-0443.2011.03566.x]
Bava, S.; Frank, L.R.; McQueeny, T.; Schweinsburg, B.C.;
Schweinsburg, A.D.; Tapert, S.F. Altered white matter micro-
structure in adolescent substance users. Psychiatry Res., 2009,
173(3), 228-237. [http://dx.doi.org/10.1016/j.pscychresns.2009.04.
005]

Thomas, G.; Kloner, R.A.; Rezkalla, S. Adverse cardiovascular,
cerebrovascular, and peripheral vascular effects of marijuana
inhalation: what cardiologists need to know. Am. J. Cardiol., 2014,
113(1), 187-190. [http://dx.doi.org/10.1016/j.amjcard.2013.09.042]
Wolff, V.; Armspach, J.P.; Lauer, V.; Rouyer, O.; Bataillard,
M.; Marescaux, C.; Geny, B. Cannabis-related stroke: myth or
reality? Stroke, 2013, 44(2), 558-563. [http://dx.doi.org/10.1161/
STROKEAHA.112.671347]

Lomen-Hoerth, C.; Murphy, J.; Langmore, S.; Kramer, J.H;
Olney, R.K.; Miller, B. Are amyotrophic lateral sclerosis patients
cognitively normal? Neurology, 2003, 60(7), 1094-1097.
[http://dx.doi.org/10.1212/01.WNL.0000055861.95202.8D]
Ringholz, G.M.; Appel, S.H.; Bradshaw, M.; Cooke, N.A.; Mosnik,
D.M.; Schulz, P.E. Prevalence and patterns of cognitive
impairment in sporadic ALS. Neurology, 2005, 65(4), 586-590.
[http://dx.doi.org/10.1212/01.wnl.0000172911.39167.b6]
Logroscino, G.; Traynor, B.J.; Hardiman, O.; Chio, A.; Mitchell,
D.; Swingler, R.J.; Millul, A.; Benn, E.; Beghi, E. Incidence of
amyotrophic lateral sclerosis in Europe. J. Neurol. Neurosurg.
Psychiatry, 2010, 81(4), 385-390. [http://dx.doi.org/10.1136/jnnp.
2009.183525]

Cleveland, D.W.; Rothstein, J.D. From Charcot to Lou Gehrig:
deciphering selective motor neuron death in ALS. Nat. Rev.
Neurosci., 2001, 2(11), 806-819. [http://dx.doi.org/10.1038/35097565]
Alexianu, M.E.; Kozovska, M.; Appel, S.H. Immune reactivity in a
mouse model of familial ALS correlates with disease progression.
Neurology, 2001, 57(7), 1282-1289. [http://dx.doi.org/10.1212/
WNL.57.7.1282]

Witting, A.; Weydt, P.; Hong, S.; Kliot, M.; Moller, T.; Stella, N.
Endocannabinoids accumulate in spinal cord of SODI G93A
transgenic mice. J. Neurochem., 2004, §89(6), 1555-1557.
[http://dx.doi.org/10.1111/j.1471-4159.2004.02544 x]

Shoemaker, J.L.; Seely, K.A.; Reed, R.L.; Crow, J.P.; Prather, P.L.
The CB2 cannabinoid agonist AM-1241 prolongs survival in a
transgenic mouse model of amyotrophic lateral sclerosis when



810 Current Neuropharmacology, 2017, Vol. 15, No. 6

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

initiated at symptom onset. J. Neurochem., 2007, 101(1), 87-98.
[http://dx.doi.org/10.1111/j.1471-4159.2006.04346.x]
Espejo-Porras, F.; Piscitelli, F.; Verde, R.; Ramos, J.A;
Di Marzo, V.; de Lago, E.; Fernandez-Ruiz, J. Changes in the
endocannabinoid signaling system in CNS structures of TDP-43
transgenic mice: relevance for a neuroprotective therapy in TDP-
43-related disorders. J. Neuroimmune Pharmacol., 2015, 10(2),
233-244. [http://dx.doi.org/10.1007/s11481-015-9602-4]

Tsao, W.; Jeong, Y.H.; Lin, S.; Ling, J.; Price, D.L.; Chiang, P-M.;
Wong, P.C. Rodent models of TDP-43: recent advances. Brain
Res., 2012, 1462, 26-39. [http://dx.doi.org/10.1016/j.brainres.2012.
04.031]

Yang, C.; Wang, H.; Qiao, T.; Yang, B.; Aliaga, L.; Qiu, L.; Tan,
W.; Salameh, J.; McKenna-Yasek, D.M.; Smith, T. Partial loss of
TDP-43 function causes phenotypes of amyotrophic lateral
sclerosis. Proc. Natl. Acad. Sci. US4, 2014, 111(12), E1121-
E1129. [http://dx.doi.org/10.1073/pnas.1322641111]

Barmada, S.J.; Skibinski, G.; Korb, E.; Rao, E.J.; Wu, 1Y ;
Finkbeiner, S. Cytoplasmic mislocalization of TDP-43 is toxic to
neurons and enhanced by a mutation associated with familial
amyotrophic lateral sclerosis. J. Neurosci., 2010, 30(2), 639-649.
[http://dx.doi.org/10.1523/JNEUROSCI.4988-09.2010]

Bilsland, L.G.; Dick, J.R.; Pryce, G.; Petrosino, S.; Di Marzo, V.;
Baker, D.; Greensmith, L. Increasing cannabinoid levels by
pharmacological and genetic manipulation delay disease
progression in SOD1 mice. FASEB J., 2006, 20(7), 1003-1005.
[http://dx.doi.org/10.1096/1].05-4743fje]

Abood, M.E.; Rizvi, G.; Sallapudi, N.; McAllister, S.D. Activation
of the CB1 cannabinoid receptor protects cultured mouse spinal
neurons against excitotoxicity. Neurosci. Lett., 2001, 309(3), 197-
201. [http://dx.doi.org/10.1016/S0304-3940(01)02065-1]

Yiangou, Y.; Facer, P.; Durrenberger, P.; Chessell, I.P.; Naylor, A.;
Bountra, C.; Banati, R.R.; Anand, P. COX-2, CB2 and P2X7-
immunoreactivities are increased in activated microglial
cells/macrophages of multiple sclerosis and amyotrophic lateral
sclerosis spinal cord. BMC Neurol., 2006, 6, 12. [http://dx.doi.
org/10.1186/1471-2377-6-12]

Chiurchiu, V.; Leuti, A.; Maccarrone, M. Cannabinoid signaling
and neuroinflammatory diseases: A melting pot for the regulation
of brain immune responses. J. Neuroimmune Pharmacol., 2015,
10(2), 268-280. [http://dx.doi.org/10.1007/s11481-015-9584-2]
Carter, G.T.; Abood, M.E.; Aggarwal, S.K.; Weiss, M.D. Cannabis
and amyotrophic lateral sclerosis: hypothetical and practical
applications, and a call for clinical trials. Am. J. Hosp. Palliat. Care,
2010, 27(5), 347-356. [http://dx.doi.org/10.1177/1049909110369531]
Amtmann, D.; Weydt, P.; Johnson, K.L.; Jensen, M.P.; Carter, G.T.
Survey of cannabis use in patients with amyotrophic lateral
sclerosis. Am. J. Hosp. Palliat. Care, 2004, 21(2), 95-104. [http:/
dx.doi.org/10.1177/104990910402100206]

Tashkin, D.P.; Shapiro, B..; Frank, .M. Acute pulmonary
physiologic effects of smoked marijuana and oral 9 -
tetrahydrocannabinol in healthy young men. N. Engl. J. Med., 1973,
289(7),336-341. [http://dx.doi.org/10.1056/NEIM197308162890702]
McGeer, E.G.; McGeer, P.L. Pharmacologic approaches to the
treatment of amyotrophic lateral sclerosis. BioDrugs, 2005, 19(1),
31-37. [http://dx.doi.org/10.2165/00063030-200519010-00004]
Cui, F.; Zhu, W.; Zhou, Z.; Ren, Y.; Li, Y.; Li, M.; Huo, Y;
Huang, X. Frequency and risk factor analysis of cognitive and
anxiety-depressive disorders in patients with amyotrophic lateral
sclerosis/motor neuron disease. Neuropsychiatr. Dis. Treat., 2015,
11,2847-2854.

Rabkin, J.G.; Albert, S.M.; Del Bene, M.L.; O'Sullivan, 1.; Tider,
T.; Rowland, L.P.; Mitsumoto, H. Prevalence of depressive
disorders and change over time in late-stage ALS. Neurology,
2005, 65(1), 62-67. [http://dx.doi.org/10.1212/01.wnl.0000167187.
14501.0c]

Kurt, A.; Nijboer, F.; Matuz, T.; Kubler, A. Depression and anxiety
in individuals with amyotrophic lateral sclerosis: epidemiology and
management. CNS Drugs, 2007, 21(4), 279-291. [http://dx.doi.org/
10.2165/00023210-200721040-00003]

Lutz, B.; Marsicano, G.; Maldonado, R.; Hillard, C.J. The
endocannabinoid system in guarding against fear, anxiety and
stress. Nat. Rev. Neurosci., 2015, 16(12), 705-718. [http://dx.doi.
org/10.1038/nrn4036]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

Suryadevara et al.

Nunberg, H.; Kilmer, B.; Pacula, R.L.; Burgdorf, J.R. An analysis
of applicants presenting to a medical marijuana specialty practice
in California. J. Drug Policy Anal., 2011, 4(1) [http://dx.doi.org/
10.2202/1941-2851.1017]

Allentuck, S.; Bowman, K.M. The psychiatric aspects of marihuana
intoxication. Am. J. Psychiatry, 1942, 99(2), 248-251. [http://dx.
doi.org/10.1176/ajp.99.2.248]

Goldenberg, M.M. Multiple sclerosis review. P&7, 2012, 37(3),
175-184.

Mahad, D.H.; Trapp, B.D.; Lassmann, H. Pathological mechanisms
in progressive multiple sclerosis. Lancet Neurol., 2015, 14(2), 183-
193. [http://dx.doi.org/10.1016/S1474-4422(14)70256-X]

Koppel, B.S.; Brust, J.C.; Fife, T.; Bronstein, J.; Youssof, S.;
Gronseth, G.; Gloss, D. Systematic review: efficacy and safety of
medical marijuana in selected neurologic disorders: report of the
Guideline Development Subcommittee of the American Academy
of Neurology. Neurology, 2014, 82(17), 1556-1563. [http://dx.doi.
org/10.1212/WNL.0000000000000363]

Baker, D.; Pryce, G.; Giovannoni, G.; Thompson, A.J. The
therapeutic potential of cannabis. Lancet Neurol., 2003, 2(5), 291-
298. [http://dx.doi.org/10.1016/S1474-4422(03)00381-8]

Pryce, G.; Baker, D. Control of spasticity in a multiple sclerosis
model is mediated by CB1, not CB2, cannabinoid receptors. Br. J.
Pharmacol., 2007, 150(4), 519-525. [http://dx.doi.org/10.1038/sj.
bjp.0707003]

Docagne, F.; Muneton, V.; Clemente, D.; Ali, C.; Loria, F.; Correa,
F.; Hernangomez, M.; Mestre, L.; Vivien, D.; Guaza, C.
Excitotoxicity in a chronic model of multiple sclerosis:
Neuroprotective effects of cannabinoids through CB1 and CB2
receptor activation. Mol. Cell. Neurosci., 2007, 34(4), 551-561.
[http://dx.doi.org/10.1016/j.mcn.2006.12.005]

Croxford, J.L.; Pryce, G.; Jackson, S.J.; Ledent, C.; Giovannoni,
G.; Pertwee, R.G.; Yamamura, T.; Baker, D. Cannabinoid-
mediated neuroprotection, not immunosuppression, may be more
relevant to multiple sclerosis. J. Neuroimmunol., 2008, 193(1-2),
120-129. [http://dx.doi.org/10.1016/j.jneuroim.2007.10.024]
Corey-Bloom, J.; Wolfson, T.; Gamst, A.; Jin, S.; Marcotte, T.D.;
Bentley, H.; Gouaux, B. Smoked cannabis for spasticity in multiple
sclerosis: a randomized, placebo-controlled trial. CMAJ, 2012,
184(10), 1143-1150. [http://dx.doi.org/10.1503/cmaj.110837]
Greenberg, H.S.; Werness, S.A.; Pugh, J.E.; Andrus, R.O;
Anderson, D.J.; Domino, E.F. Short-term effects of smoking
marijuana on balance in patients with multiple sclerosis and normal
volunteers. Clin. Pharmacol. Ther., 1994, 55(3), 324-328. [http://
dx.doi.org/10.1038/clpt.1994.33]

Zajicek, J.; Fox, P.; Sanders, H.; Wright, D.; Vickery, J.; Nunn, A.;
Thompson, A. Cannabinoids for treatment of spasticity and other
symptoms related to multiple sclerosis (CAMS study): multicentre
randomised placebo-controlled trial. Lancet, 2003, 362(9395),
1517-1526. [http://dx.doi.org/10.1016/S0140-6736(03)14738-1]
Collin, C.; Davies, P.; Mutiboko, 1.K.; Ratcliffe, S. Randomized
controlled trial of cannabis-based medicine in spasticity caused by
multiple sclerosis. Eur. J. Neurol., 2007, 14(3), 290-296. [http:/dx.
doi.org/10.1111/j.1468-1331.2006.01639.x]

Kavia, R.B.; De Ridder, D.; Constantinescu, C.S.; Stott, C.G.;
Fowler, C.J. Randomized controlled trial of Sativex to treat
detrusor overactivity in multiple sclerosis. Mult. Scler., 2010,
16(11), 1349-1359. [http://dx.doi.org/10.1177/1352458510378020]
Collin, C.; Ehler, E.; Waberzinek, G.; Alsindi, Z.; Davies, P.;
Powell, K.; Notcutt, W.; O'Leary, C.; Ratcliffe, S.; Novakova, 1;
Zapletalova, O.; Pikova, J.; Ambler, Z. A double-blind,
randomized, placebo-controlled, parallel-group study of Sativex, in
subjects with symptoms of spasticity due to multiple sclerosis.
Neurol. Res., 2010, 32(5), 451-459. [http://dx.doi.org/10.1179/
016164109X12590518685660]

Chiaravalloti, N.D.; DeLuca, J. Cognitive impairment in multiple
sclerosis. Lancet Neurol., 2008, 7(12), 1139-1151. [http://dx.doi.
org/10.1016/S1474-4422(08)70259-X]

Korostil, M.; Feinstein, A. Anxiety disorders and their clinical
correlates in multiple sclerosis patients. Mult. Scler., 2007, 13(1),
67-72. [http://dx.doi.org/10.1177/1352458506071161]

Rao, S.M.; Leo, G..; Bernardin, L.; Unverzagt, F. Cognitive
dysfunction in multiple sclerosis. 1. Frequency, patterns, and
prediction. Neurology, 1991, 41(5), 685-691. [http://dx.doi.org/
10.1212/WNL.41.5.685]



Pros and Cons of Medical Cannabis use by People with Chronic Brain Disorders

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

Peyser, J.M.; Rao, S.M.; LaRocca, N.G.; Kaplan, E. Guidelines
for neuropsychological research in multiple sclerosis. Arch.
Neurol., 1990, 47(1), 94-97. [http://dx.doi.org/10.1001/archneur.
1990.00530010120030]

Minden, S.L.; Feinstein, A.; Kalb, R.C.; Miller, D.; Mohr, D.C.;
Patten, S.B.; Bever, C., Jr; Schiffer, R.B.; Gronseth, G.S.;
Narayanaswami, P. Evidence-based guideline: assessment and
management of psychiatric disorders in individuals with MS: report
of the Guideline development subcommittee of the American
academy of neurology. Neurology, 2014, 8§2(2), 174-181. [http:/
dx.doi.org/10.1212/WNL.0000000000000013]

Pavisian, B.; MacIntosh, B.J.; Szilagyi, G.; Staines, R.W.; O'Connor,
P.; Feinstein, A. Effects of cannabis on cognition in patients with
MS: a psychometric and MRI study. Neurology, 2014, 82(21),
1879-1887. [http://dx.doi.org/10.1212/WNL.0000000000000446]
Honarmand, K.; Tierney, M.C.; O'Connor, P.; Feinstein, A. Effects
of cannabis on cognitive function in patients with multiple
sclerosis. Neurology, 2011, 76(13), 1153-1160. [http://dx.doi.org/
10.1212/WNL.0b013e318212ab0c]

Romero, K.; Pavisian, B.; Staines, W.R.; Feinstein, A. Multiple
sclerosis, cannabis, and cognition: A structural MRI study.
Neuroimage Clin., 2015, 8, 140-147. [http://dx.doi.org/10.1016/j.
nicl.2015.04.006]

Chaudhuri, K.R.; Healy, D.G.; Schapira, A.H. Non-motor
symptoms of Parkinson's disease: diagnosis and management.
Lancet Neurol., 2006, 5(3), 235-245. [http://dx.doi.org/10.1016/
S1474-4422(06)70373-8]

Hurley, M.J.; Mash, D.C.; Jenner, P. Expression of cannabinoid
CBI receptor mRNA in basal ganglia of normal and parkinsonian
human brain. J. Neural. Transm (Vienna), 2003, 110(11), 1279-
1288. [http://dx.doi.org/10.1007/s00702-003-0033-7]

Pisani, A.; Fezza, F.; Galati, S.; Battista, N.; Napolitano, S.;
Finazzi-Agro, A.; Bernardi, G.; Brusa, L.; Pierantozzi, M.
Stanzione, P.; Maccarrone, M. High endogenous cannabinoid
levels in the cerebrospinal fluid of untreated Parkinson's disease
patients. Ann. Neurol., 2005, 57(5), 777-779. [http://dx.doi.org/10.
1002/ana.20462]

van Vliet, S.A.; Vanwersch, R.A.; Jongsma, M.J.; Olivier, B.;
Philippens, I.H. Therapeutic effects of Delta9-THC and modafinil
in a marmoset Parkinson model. Eur. Neuropsychopharmacol.,
2008, /8(5), 383-389. [http://dx.doi.org/10.1016/j.euroneuro.2007.
11.003]

Garcia, C.; Palomo-Garo, C.; Garcia-Arencibia, M.; Ramos, J.;
Pertwee, R.; Fernandez-Ruiz, J. Symptom-relieving and neuro-
protective effects of the phytocannabinoid Delta(9)-THCV in
animal models of Parkinson's disease. Br. J. Pharmacol., 2011,
163(7), 1495-1506. [http://dx.doi.org/10.1111/j.1476-5381.2011.
01278.x]

Lastres-Becker, 1.; Molina-Holgado, F.; Ramos, J.A.; Mechoulam,
R.; Fernandez-Ruiz, J. Cannabinoids provide neuroprotection
against 6-hydroxydopamine toxicity in vivo and in vitro: relevance
to Parkinson's disease. Neurobiol. Dis., 2005, 19(1-2), 96-107.
[http://dx.doi.org/10.1016/j.nbd.2004.11.009]

Fernandez-Espejo, E.; Caraballo, I.; Rodriguez de Fonseca, F.;
Ferrer, B.; El Banoua, F.; Flores, J.A.; Galan-Rodriguez, B.
Experimental parkinsonism alters anandamide precursor synthesis,
and functional deficits are improved by AM404: a modulator of
endocannabinoid function. Neuropsychopharmacology, 2004,
29(6), 1134-1142. [http://dx.doi.org/10.1038/sj.npp.1300407]
Venderova, K.; Ruzicka, E.; Vorisek, V.; Visnovsky, P. Survey on
cannabis use in Parkinson's disease: subjective improvement of
motor symptoms. Mov. Disord., 2004, 19(9), 1102-1106.
[http://dx.doi.org/10.1002/mds.20111]

Lotan, I.; Treves, T.A.; Roditi, Y.; Djaldetti, R. Cannabis (medical
marijuana) treatment for motor and non-motor symptoms of
Parkinson disease: an open-label observational study. Clin. Neuro-
pharmacol., 2014, 37(2), 41-44. [http://dx.doi.org/10.1097/WNF.
0000000000000016]

Chagas, M.H.; Eckeli, A.L.; Zuardi, A.W.; Pena-Pereira, M.A_;
Sobreira-Neto, M.A.; Sobreira, E.T.; Camilo, M.R.; Bergamaschi,
M.M.; Schenck, C.H.; Hallak, J.E.; Tumas, V.; Crippa, J.A.
Cannabidiol can improve complex sleep-related behaviours
associated with rapid eye movement sleep behaviour disorder in
Parkinson's disease patients: a case series. J. Clin. Pharm. Ther.,
2014, 39(5), 564-566. [http://dx.doi.org/10.1111/jcpt.12179]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

Current Neuropharmacology, 2017, Vol. 15, No. 6 811

Sieradzan, K.A.; Fox, S.H.; Hill, M.; Dick, J.P.; Crossman, A.R.;
Brotchie, J.M. Cannabinoids reduce levodopa-induced dyskinesia
in Parkinson's disease: a pilot study. Neurology, 2001, 57(11),
2108-2111. [http://dx.doi.org/10.1212/WNL.57.11.2108]

Carroll, C.B.; Bain, P.G.; Teare, L.; Liu, X.; Joint, C.; Wroath, C.;
Parkin, S.G.; Fox, P.; Wright, D.; Hobart, J.; Zajicek, J.P. Cannabis
for dyskinesia in Parkinson disease: a randomized double-blind
crossover study. Neurology, 2004, 63(7), 1245-1250. [http://dx.doi.
org/10.1212/01.WNL.0000140288.48796.8E]

Mesnage, V.; Houeto, J.L.; Bonnet, A.M.; Clavier, I.; Arnulf, L;
Cattelin, F.; Le Fur, G.; Damier, P.; Welter, M.L.; Agid, Y.;
Neurokinin, B. Neurotensin, and cannabinoid receptor antagonists
and Parkinson disease. Clin. Neuropharmacol., 2004, 27(3), 108-
110. [http://dx.doi.org/10.1097/00002826-200405000-00003]
Brookmeyer, R.; Gray, S.; Kawas, C. Projections of Alzheimer's
disease in the United States and the public health impact of
delaying disease onset. Am. J. Public Health, 1998, 88(9), 1337-
1342. [http://dx.doi.org/10.2105/AJPH.88.9.1337]

Vinters, H.V. Emerging concepts in Alzheimer's disease. Annu.
Rev. Pathol., 2015, 10, 291-319. [http://dx.doi.org/10.1146/annurev-
pathol-020712-163927]

Benito, C.; Nunez, E.; Tolon, R.M.; Carrier, E.J.; Rabano, A.;
Hillard, C.J.; Romero, J. Cannabinoid CB2 receptors and fatty acid
amide hydrolase are selectively overexpressed in neuritic plaque-
associated glia in Alzheimer's disease brains. J. Neurosci., 2003,
23(35), 11136-11141.

Westlake, T.M.; Howlett, A.C.; Bonner, T.I.; Matsuda, L.A.;
Herkenham, M. Cannabinoid receptor binding and messenger RNA
expression in human brain: an in vitro receptor autoradiography
and in situ hybridization histochemistry study of normal aged and
Alzheimer's brains. Neuroscience, 1994, 63(3), 637-652. [http://
dx.doi.org/10.1016/0306-4522(94)90511-8]

Hayakawa, K.; Mishima, K.; Nozako, M.; Ogata, A.; Hazekawa,
M.; Liu, A.X.; Fujioka, M.; Abe, K.; Hasebe, N.; Egashira, N.;
Iwasaki, K.; Fujiwara, M. Repeated treatment with cannabidiol but
not Delta9-tetrahydrocannabinol has a neuroprotective effect
without the development of tolerance. Neuropharmacology, 2007,
52(4), 1079-1087. [http://dx.doi.org/10.1016/j.neuropharm.2006.11.
005]

Esposito, G.; De Filippis, D.; Carnuccio, R.; 1zzo, A.A.; Tuvone, T.
The marijuana component cannabidiol inhibits beta-amyloid-
induced tau protein hyperphosphorylation through Wnt/beta-
catenin pathway rescue in PC12 cells. J. Mol. Med. (Berl.), 2006,
84(3), 253-258. [http://dx.doi.org/10.1007/s00109-005-0025-1]

van der Stelt, M.; Mazzola, C.; Esposito, G.; Matias, 1.; Petrosino,
S.; De Filippis, D.; Micale, V.; Steardo, L.; Drago, F.; Tuvone, T.;
Di Marzo, V. Endocannabinoids and beta-amyloid-induced
neurotoxicity in vivo: effect of pharmacological elevation of
endocannabinoid levels. Cell. Mol. Life Sci., 2006, 63(12), 1410-
1424. [http://dx.doi.org/10.1007/s00018-006-6037-3]

Aso, E.; Sanchez-Pla, A.; Vegas-Lozano, E.; Maldonado, R.;
Ferrer, I. Cannabis-based medicine reduces multiple pathological
processes in AbetaPP/PS1 mice. J. Alzheimers Dis., 2015, 43(3),
977-991.

Aso, E.; Juves, S.; Maldonado, R.; Ferrer, I. CB2 cannabinoid
receptor agonist ameliorates Alzheimer-like phenotype in
AbetaPP/PS1 mice. J. Alzheimers Dis., 2013, 35(4), 847-858.
Ahmed, A.; van der Marck, M.A.; van den Elsen, G.; Olde
Rikkert, M. Cannabinoids in late-onset Alzheimer's disease. Clin.
Pharmacol. Ther., 2015, 97(6), 597-606. [http://dx.doi.org/10.
1002/cpt.117]

Woodward, M.R.; Harper, D.G.; Stolyar, A.; Forester, B.P.;
Ellison, J.M. Dronabinol for the treatment of agitation and
aggressive behavior in acutely hospitalized severely demented
patients with noncognitive behavioral symptoms. Am. J. Geriatr.
Psychiatry, 2014, 22(4), 415-419. [http://dx.doi.org/10.1016/j.jagp.
2012.11.022]

Volicer, L.; Stelly, M.; Morris, J.; McLaughlin, J.; Volicer, B.J.
Effects of dronabinol on anorexia and disturbed behavior in patients
with Alzheimer's disease. Int. J. Geriatr. Psychiatry, 1997, 12(9),
913-919. [http://dx.doi.org/10.1002/(SICT)1099-1166(199709)12:
9<913::AID-GPS663>3.0.CO;2-D]

Walther, S.; Mahlberg, R.; Eichmann, U.; Kunz, D. Delta-9-
tetrahydrocannabinol for nighttime agitation in severe dementia.



812 Current Neuropharmacology, 2017, Vol. 15, No. 6

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

Psychopharmacology (Berl.), 2006, 185(4), 524-528. [http://dx.
doi.org/10.1007/500213-006-0343-1]

Walther, S.; Schupbach, B.; Seifritz, E.; Homan, P.; Strik, W.
Randomized, controlled crossover trial of dronabinol, 2.5 mg, for
agitation in 2 patients with dementia. J. Clin. Psychopharmacol., 2011,
31(2), 256-258. [http://dx.doi.org/10.1097/JCP.0b013e31820e861c]
Saddichha, S.; Sur, S.; Sinha, B.N.; Khess, C.R. How is substance
use linked to psychosis? A study of the course and patterns of
substance dependence in psychosis. Subst. Abus., 2010, 31(1), 58-
67. [http://dx.doi.org/10.1080/08897070903442699]

Agrawal, A.; Nurnberger, J.I., Jr; Lynskey, M.T. Cannabis
involvement in individuals with bipolar disorder. Psychiatry Res.,
2011, 785(3), 459-461. [http://dx.doi.org/10.1016/j.psychres.2010.
07.007]

Ashton, C.H.; Moore, P.B.; Gallagher, P.; Young, A.H.
Cannabinoids in bipolar affective disorder: a review and discussion
of their therapeutic potential. J. Psychopharmacol., 2005, 19(3),
293-300. [http://dx.doi.org/10.1177/0269881105051541]

Lev-Ran, S.; Le Foll, B.; McKenzie, K.; George, T.P.; Rehm, J.
Bipolar disorder and co-occurring cannabis use disorders:
characteristics, co-morbidities and clinical correlates. Psychiatry
Res., 2013, 209(3), 459-465. [http://dx.doi.org/10.1016/j.psychres.
2012.12.014]

Lagerberg, T.V.; Kvitland, L.R.; Aminoff, S.R.; Aas, M.; Ringen,
P.A.; Andreassen, O.A.; Melle, 1. Indications of a dose-response
relationship between cannabis use and age at onset in bipolar
disorder. Psychiatry Res., 2014, 215(1), 101-104. [http://dx.doi.org/
10.1016/j.psychres.2013.10.029]

De Hert, M.; Wampers, M.; Jendricko, T.; Franic, T.; Vidovic, D.;
De Vriendt, N.; Sweers, K.; Peuskens, J.; van Winkel, R. Effects of
cannabis use on age at onset in schizophrenia and bipolar disorder.
Schizophr. Res., 2011, 126(1-3), 270-276. [http://dx.doi.org/10.
1016/j.schres.2010.07.003]

Kim, S.W.; Dodd, S.; Berk, L.; Kulkarni, J.; de Castella, A.;
Fitzgerald, P.B.; Kim, J.M.; Yoon, J.S.; Berk, M. Impact of cannabis
use on long-term remission in bipolar I and schizoaffective disorder.
Psychiatry Investig., 2015, 12(3), 349-355. [http://dx.doi.org/10.
4306/pi.2015.12.3.349]

Henquet, C.; Krabbendam, L.; de Graaf, R.; ten Have, M.; van Os,
J. Cannabis use and expression of mania in the general population.
J. Affect. Disord., 2006, 95(1-3), 103-110. [http://dx.doi.org/10.
1016/j.jad.2006.05.002]

Kvitland, L.R.; Melle, I.; Aminoff, S.R.; Demmo, C.; Lagerberg,
T.V.; Andreassen, O.A.; Ringen, P.A. Continued cannabis use at
one year follow up is associated with elevated mood and lower
global functioning in bipolar I disorder. BMC Psychiatry, 2015, 15,
11. [http://dx.doi.org/10.1186/s12888-015-0389-x]

Koethe, D.; Llenos, 1.C.; Dulay, J.R.; Hoyer, C.; Torrey, E.F.;
Leweke, F.M.; Weis, S. Expression of CB1 cannabinoid receptor in
the anterior cingulate cortex in schizophrenia, bipolar disorder, and
major depression. J. Neural. Transm. (Vienna), 2007, 114(8), 1055-
1063. [http://dx.doi.org/10.1007/s00702-007-0660-5]

Minocci, D.; Massei, J.; Martino, A.; Milianti, M.; Piz, L.; Di
Bello, D.; Sbrana, A.; Martinotti, E.; Rossi, A.M.; Nieri, P. Genetic
association between bipolar disorder and 524A>C (Leul33lle)
polymorphism of CNR2 gene, encoding for CB2 cannabinoid
receptor. J. Affect. Disord., 2011, 134(1-3), 427-430. [http://dx.
doi.org/10.1016/j.jad.2011.05.023]

Iseger, T.A.; Bossong, M.G. A systematic review of the
antipsychotic properties of cannabidiol in humans. Schizophr. Res.,
2015, 162(1-3), 153-161. [http://dx.doi.org/10.1016/j.schres.2015.
01.033]

Tandon, R.; Nasrallah, H.A.; Keshavan, M.S. Schizophrenia, “just
the facts” 4. Clinical features and conceptualization. Schizophr.
Res., 2009, 110(1-3), 1-23. [http://dx.doi.org/10.1016/j.schres.
2009.03.005]

Volkow, N.D. Substance use disorders in schizophrenia--clinical
implications of comorbidity. Schizophr. Bull., 2009, 35(3), 469-
472. [http://dx.doi.org/10.1093/schbul/sbp016]

Fowler, 1.L.; Carr, V.J.; Carter, N.T.; Lewin, T.J. Patterns of
current and lifetime substance use in schizophrenia. Schizophr.
Bull., 1998, 24(3), 443-455. [http://dx.doi.org/10.1093/oxfordjournals.
schbul.a033339]

Barnett, J.H.; Werners, U.; Secher, S.M.; Hill, K.E.; Brazil, R.;
Masson, K.; Pernet, D.E.; Kirkbride, J.B.; Murray, G.K.; Bullmore,

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

Suryadevara et al.

E.T.; Jones, P.B. Substance use in a population-based clinic sample
of people with first-episode psychosis. Br. J. Psychiatry, 2007, 190,
515-520. [http://dx.doi.org/10.1192/bjp.bp.106.024448]

Giuffrida, A.; Leweke, F.M.; Gerth, C.W.; Schreiber, D.; Koethe,
D.; Faulhaber, J.; Klosterkotter, J.; Piomelli, D. Cerebrospinal
anandamide levels are elevated in acute schizophrenia and are
inversely correlated with psychotic symptoms. Neuropsycho-
pharmacology, 2004, 29(11), 2108-2114. [http://dx.doi.org/10.
1038/sj.npp.1300558]

Ceccarini, J.; De Hert, M.; Van Winkel, R.; Peuskens, J.; Bormans,
G.; Kranaster, L.; Enning, F.; Koethe, D.; Leweke, F.M.; Van
Laere, K. Increased ventral striatal CB1 receptor binding is related
to negative symptoms in drug-free patients with schizophrenia.
Neuroimage, 2013, 79, 304-312. [http://dx.doi.org/10.1016/].
neuroimage.2013.04.052]

Jenko, K.J.; Hirvonen, J.; Henter, 1.D.; Anderson, K.B.; Zoghbi,
S.S.; Hyde, T.M.; Deep-Soboslay, A.; Innis, R.B.; Kleinman, J.E.
Binding of a tritiated inverse agonist to cannabinoid CB1 receptors
is increased in patients with schizophrenia. Schizophr. Res., 2012,
141(2-3), 185-188. [http://dx.doi.org/10.1016/j.schres.2012.07.021]
Dalton, V.S.; Long, L.E.; Weickert, C.S.; Zavitsanou, K. Paranoid
schizophrenia is characterized by increased CB1 receptor binding
in the dorsolateral prefrontal cortex. Neuropsychopharmacology,
2011, 36(8), 1620-1630. [http://dx.doi.org/10.1038/npp.2011.43]
Wong, D.F.; Kuwabara, H.; Horti, A.G.; Raymont, V.; Brasic, J.;
Guevara, M.; Ye, W.; Dannals, R.F.; Ravert, H.T.; Nandi, A.;
Rahmim, A.; Ming, J.E.; Grachev, I.; Roy, C.; Cascella, N.
Quantification of cerebral cannabinoid receptors subtype 1 (CB1)
in healthy subjects and schizophrenia by the novel PET radioligand
[11C]JOMAR. Neuroimage, 2010, 52(4), 1505-1513. [http://dx.doi.
org/10.1016/j.neuroimage.2010.04.034]

Zavitsanou, K.; Garrick, T.; Huang, X.F. Selective antagonist
[3H]SR141716A binding to cannabinoid CB1 receptors is
increased in the anterior cingulate cortex in schizophrenia. Prog.
Neuropsychopharmacol. Biol. Psychiatry, 2004, 28(2), 355-360.
[http://dx.doi.org/10.1016/j.pnpbp.2003.11.005]

Newell, K.A.; Deng, C.; Huang, X.F. Increased cannabinoid
receptor density in the posterior cingulate cortex in schizophrenia.
Exp. Brain Res., 2006, 172(4), 556-560. [http://dx.doi.org/10.1007/
500221-006-0503-x]

Deiana, S. Medical use of cannabis. Cannabidiol: a new light for
schizophrenia? Drug Test. Anal., 2013, 5(1), 46-51. [http://dx.doi.
org/10.1002/dta.1425]

Zammit, S.; Allebeck, P.; Andreasson, S.; Lundberg, I.; Lewis, G.
Self reported cannabis use as a risk factor for schizophrenia in
Swedish conscripts of 1969: historical cohort study. BMJ, 2002,
325(7374), 1199. [http://dx.doi.org/10.1136/bmj.325.7374.1199]
Boydell, J.; Van Os, J.; Caspi, A.; Kennedy, N.; Giouroukou, E.;
Fearon, P.; Farrell, M.; Murray, R. Trends in cannabis use prior to
first presentation with schizophrenia, in South-East London
between 1965 and 1999. Psychol. Med., 2006, 36(10), 1441-1446.
[http://dx.doi.org/10.1017/S0033291706008440]

Waldo Zuardi, A.; Crippa, A.S.; Hallak, E.C. J.; Bhattacharyya, S.;
Atakan, Z.; Martin-Santos, R.; K McGuire, P.; Silveira G.F. A
critical review of the antipsychotic effects of cannabidiol: 30 years
of a translational investigation. Curr. Pharm. Des., 2012, 18(32),
5131-5140. [http://dx.doi.org/10.2174/138161212802884681]
Leweke, F.; Piomelli, D.; Pahlisch, F.; Muhl, D.; Gerth, C.; Hoyer,
C.; Klosterkotter, J.; Hellmich, M.; Koethe, D. Cannabidiol
enhances anandamide signaling and alleviates psychotic symptoms
of schizophrenia. Transl. Psychiatry, 2012, 2(3), e94. [http://
dx.doi.org/10.1038/tp.2012.15]

Mehmedic, Z.; Chandra, S.; Slade, D.; Denham, H.; Foster, S.;
Patel, A.S.; Ross, S.A.; Khan, [.A.; EISohly, M.A. Potency trends
of Delta9-THC and other cannabinoids in confiscated cannabis
preparations from 1993 to 2008. J. Forensic Sci., 2010, 55(5),
1209-1217. [http://dx.doi.org/10.1111/j.1556-4029.2010.01441 x]
Henquet, C.; Di Forti, M.; Morrison, P.; Kuepper, R.; Murray,
R.M. Gene-environment interplay between cannabis and psychosis.
Schizophr. Bull., 2008, 34(6), 1111-1121. [http://dx.doi.org/10.
1093/schbul/sbn108]

Schubart, C.; Boks, M.; Breetvelt, E.; Van Gastel, W.; Groenwold,
R.; Ophoff, R.; Sommer, [.E.; Kahn, R. Association between
cannabis and psychiatric hospitalization. Acta Psychiatr. Scand.,



Pros and Cons of Medical Cannabis use by People with Chronic Brain Disorders

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

2011, 123(5),
2010.01640.x]
Hajos, M.; Hoffmann, W.E.; Kocsis, B. Activation of cannabinoid-
1 receptors disrupts sensory gating and neuronal oscillation:
relevance to schizophrenia. Biol. Psychiatry, 2008, 63(11), 1075-
1083. [http://dx.doi.org/10.1016/j.biopsych.2007.12.005]
Kucewicz, M.T.; Tricklebank, M.D.; Bogacz, R.; Jones, M.W.
Dysfunctional prefrontal cortical network activity and interactions
following cannabinoid receptor activation. J. Neurosci., 2011,
31(43), 15560-15568. [http://dx.doi.org/10.1523/INEUROSCIL.2970-
11.2011]

Skosnik, P.D.; Cortes-Briones, J.A.; Hajos, M. It's all in the
rhythm: The role of cannabinoids in neural oscillations and
psychosis. Biol. Psychiatry, 2016, 79(7), 568-577. [http://dx.doi.
org/10.1016/j.biopsych.2015.12.011]

Uhlhaas, P.J.; Singer, W. Abnormal neural oscillations and
synchrony in schizophrenia. Nat. Rev. Neurosci., 2010, 11(2), 100-
113. [http://dx.doi.org/10.1038/nrn2774]

Foti, D.J.; Kotov, R.; Guey, L.T.; Bromet, E.J. Cannabis use and the
course of schizophrenia: 10-year follow-up after first hospitalization.
Am. J. Psychiatry, 2010, 167(8), 987-993. [http://dx.doi.org/10.
1176/appi.ajp.2010.09020189]

Gonzalez-Pinto, A.; Vega, P.; Ibanez, B.; Mosquera, F.; Barbeito,
S.; Gutierrez, M.; Ruiz de Azua, S.; Ruiz, I.; Vieta, E. Impact of
cannabis and other drugs on age at onset of psychosis. J. Clin.
Psychiatry, 2008, 69(8), 1210-1216. [http://dx.doi.org/10.4088/
JCP.v69n0802]

Manrique-Garcia, E.; Zammit, S.; Dalman, C.; Hemmingsson, T.;
Allebeck, P. Cannabis use and depression: a longitudinal study of a
national cohort of Swedish conscripts. BMC Psychiatry, 2012, 12,
112. [http://dx.doi.org/10.1186/1471-244X-12-112]

Dubertret, C.; Bidard, I.; Ades, J.; Gorwood, P. Lifetime positive
symptoms in patients with schizophrenia and cannabis abuse are
partially explained by co-morbid addiction. Schizophr. Res., 2006,
86(1-3), 284-290. [http://dx.doi.org/10.1016/j.schres.2006.05.006]
Bossong, M.G.; Niesink, R.J. Adolescent brain maturation, the
endogenous cannabinoid system and the neurobiology of cannabis-
induced schizophrenia. Prog. Neurobiol., 2010, 92(3), 370-385.
[http://dx.doi.org/10.1016/j.pneurobio.2010.06.010]

Lachman, H.M.; Morrow, B.; Shprintzen, R.; Veit, S.; Parsia, S.S.;
Faedda, G.; Goldberg, R.; Kucherlapati, R.; Papolos, D.F.
Association of codon 108/158 catechol-O-methyltransferase gene
polymorphism with the psychiatric manifestations of velo-cardio-
facial syndrome. Am. J. Med. Genet., 1996, 67(5), 468-472.
[http://dx.doi.org/10.1002/(SICI)1096-
8628(19960920)67:5<468::AID-AIMG5>3.0.CO;2-G]

Caspi, A.; Moffitt, T.E.; Cannon, M.; McClay, J.; Murray, R.;
Harrington, H.; Taylor, A.; Arseneault, L.; Williams, B.;
Braithwaite, A.; Poulton, R.; Craig, .LW. Moderation of the
effect of adolescent-onset cannabis use on adult psychosis by a
functional polymorphism in the catechol-O-methyltransferase gene:
longitudinal evidence of a gene X environment interaction. Biol.
Psychiatry, 2005, 57(10), 1117-1127. [http://dx.doi.org/10.1016/].
biopsych.2005.01.026]

Schofield, D.; Tennant, C.; Nash, L.; Degenhardt, L.; Cornish, A.;
Hobbs, C.; Brennan, G. Reasons for cannabis use in psychosis.
Aust. N. Z. J. Psychiatry, 2006, 40(6-7), 570-574. [http://dx.doi.org/
10.1080/1.1440-1614.2006.01840.x]

Costain, W.F. The effects of cannabis abuse on the symptoms of
schizophrenia: patient perspectives. Int. J. Ment. Health Nurs.,
2008, /7(4), 227-235. [http://dx.doi.org/10.1111/1.1447-0349.2008.
00538.x]

Rais, M.; Cahn, W.; Van Haren, N.; Schnack, H.; Caspers, E.;
Hulshoff Pol, H.; Kahn, R. Excessive brain volume loss over time
in cannabis-using first-episode schizophrenia patients. Am. J.
Psychiatry, 2008, 165(4), 490-496. [http://dx.doi.org/10.1176/appi.
ajp.2007.07071110]

Rais, M.; van Haren, N.E.; Cahn, W.; Schnack, H.G.; Lepage, C.;
Collins, L.; Evans, A.C.; Hulshoff Pol, H.E.; Kahn, R.S. Cannabis
use and progressive cortical thickness loss in areas rich in CB1
receptors during the first five years of schizophrenia. Eur. Neuro-
psychopharmacol., 2010, 20(12), 855-865. [http://dx.doi.org/10.
1016/j.euroneuro.2010.08.008]

Power, B.D.; Dragovic, M.; Badcock, J.C.; Morgan, V.A.; Castle,
D.; Jablensky, A.; Stefanis, N.C. No additive effect of cannabis on

368-375. [http://dx.doi.org/10.1111/j.1600-0447.

[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

Current Neuropharmacology, 2017, Vol. 15, No. 6 813

cognition in schizophrenia. Schizophr. Res., 2015, 168(1-2), 245-
251. [http://dx.doi.org/10.1016/j.schres.2015.06.026]

Rabin, R.A.; Zakzanis, K.K.; George, T.P. The effects of cannabis
use on neurocognition in schizophrenia: a meta-analysis.
Schizophr. Res., 2011, 128(1-3), 111-116. [http://dx.doi.org/10.
1016/j.schres.2011.02.017]

Yucel, M.; Bora, E.; Lubman, D.I.; Solowij, N.; Brewer, W.J.;
Cotton, S.M.; Conus, P.; Takagi, M.J.; Fornito, A.; Wood, S.J.;
McGorry, P.D.; Pantelis, C. The impact of cannabis use on
cognitive functioning in patients with schizophrenia: a meta-
analysis of existing findings and new data in a first-episode sample.
Schizophr. Bull., 2012, 38(2), 316-330. [http://dx.doi.org/10.1093/
schbul/sbq079]

Pencer, A.; Addington, J. Substance use and cognition in early
psychosis. J. Psychiatry Neurosci., 2003, 28(1), 48-54.

Loberg, E.M.; Hugdahl, K. Cannabis use and cognition in
schizophrenia. Front. Hum. Neurosci., 2009, 3, 53. [http://dx.doi.
org/10.3389/neuro.09.053.2009]

Ringen, P.A.; Vaskinn, A.; Sundet, K.; Engh, J.A.; Jonsdottir, H.;
Simonsen, C.; Friis, S.; Opjordsmoen, S.; Melle, 1.; Andreassen,
O.A. Opposite relationships between cannabis use and neuro-
cognitive functioning in bipolar disorder and schizophrenia.
Psychol. Med., 2010, 40(8), 1337-1347. [http://dx.doi.org/10.1017/
S0033291709991620]

Yiicel, M.; Bora, E.; Lubman, D.I.; Solowij, N.; Brewer, W.J.;
Cotton, S.M.; Conus, P.; Takagi, M.J.; Fornito, A.; Wood, S.J. The
impact of cannabis use on cognitive functioning in patients with
schizophrenia: a meta-analysis of existing findings and new data in
a first-episode sample. Schizophr. Bull., 2012, 38(2), 316-330.
[http://dx.doi.org/10.1093/schbul/sbq079]

Karniol, I.G.; Shirakawa, I.; Takahashi, R.N.; Knobel, E.; Musty,
R.E. Effects of delta9-tetrahydrocannabinol and cannabinol in man.
Pharmacology, 1975, 13(6), 502-512. [http://dx.doi.org/10.1159/
000136944]

Braff, D.L.; Geyer, M.A.; Swerdlow, N.R. Human studies of
prepulse inhibition of startle: normal subjects, patient groups, and
pharmacological studies. Psychopharmacology (Berl.), 2001,
156(2-3), 234-258. [http://dx.doi.org/10.1007/s002130100810]
Braff, D.; Stone, C.; Callaway, E.; Geyer, M.; Glick, I.; Bali, L.
Prestimulus effects on human startle reflex in normals and
schizophrenics. Psychophysiology, 1978, 15(4), 339-343. [http://dx.
doi.org/10.1111/j.1469-8986.1978.tb01390.x]

Swerdlow, N.R.; Bakshi, V.; Waikar, M.; Taaid, N.; Geyer, M.A.
Seroquel, clozapine and chlorpromazine restore sensorimotor
gating in ketamine-treated rats. Psychopharmacology (Berl.), 1998,
140(1), 75-80. [http://dx.doi.org/10.1007/s002130050741]
Pedrazzi, J.F.; Issy, A.C.; Gomes, F.V.; Guimaraes, F.S.; Del-Bel,
E.A. Cannabidiol effects in the prepulse inhibition disruption induced
by amphetamine. Psychopharmacology (Berl.), 2015, 232(16),
3057-3065. [http://dx.doi.org/10.1007/s00213-015-3945-7]

Gomes, F.V.; Issy, A.C.; Ferreira, F.R.; Viveros, M.P.; Del Bel,
E.A.; Guimaraes, F.S. Cannabidiol attenuates sensorimotor gating
disruption and molecular changes induced by chronic antagonism
of NMDA receptors in mice. Int. J. Neuropsychopharmacol., 2015,
18(5) [http://dx.doi.org/10.1093/ijnp/pyu041]

Long, L.E.; Malone, D.T.; Taylor, D.A. Cannabidiol reverses MK-
801-induced disruption of prepulse inhibition in mice. Neuro-
psychopharmacology, 2006, 31(4), 795-803. [http://dx.doi.org/10.
1038/sj.npp.1300838]

Huestis, M.A. Human cannabinoid pharmacokinetics. Chem.
Biodivers., 2007, 4(8), 1770-1804. [http://dx.doi.org/10.1002/cbdv.
200790152]

Lemberger, L.; Axelrod, J.; Kopin, 1.J. Metabolism and disposition
of delta-9-tetrahydrocannabinol in man. Pharmacol. Rev., 1971,
23(4), 371-380.

Pertwee, R.G. The diverse CB1 and CB2 receptor pharmacology of
three plant cannabinoids: delta9-tetrahydrocannabinol, cannabidiol
and delta9-tetrahydrocannabivarin. Br. J. Pharmacol., 2008,
153(2), 199-215. [http://dx.doi.org/10.1038/s]j.bjp.0707442]

Raz, N.; Lindenberger, U.; Rodrigue, K.M.; Kennedy, K.M.; Head,
D.; Williamson, A.; Dahle, C.; Gerstorf, D.; Acker, J.D. Regional
brain changes in aging healthy adults: general trends, individual
differences and modifiers. Cereb. Cortex, 2005, 15(11), 1676-1689.
[http://dx.doi.org/10.1093/cercor/bhi044]



814 Current Neuropharmacology, 2017, Vol. 15, No. 6

[222]

[223]

[224]

[225]

[226]

[227]

Kaufman, J.; Almasy, K.; Boller, A.; Dahodwala, N.; Elman, I;
Kelley, M.; McCluskey, L. Medical marijuana utilization and
perceived therapeutic value in patients with ALS (P3.014).
Neurology, 2014, 82, (Supplement P3.014).

Weber, M.; Goldman, B.; Truniger, S. Tetrahydrocannabinol
(THC) for cramps in amyotrophic lateral sclerosis: a randomised,
double-blind crossover trial. J. Neurol. Neurosurg. Psychiatry,
2010, &7(10), 1135-1140. [http://dx.doi.org/10.1136/jnnp.2009.
200642]

Wade, D.T.; Makela, P.; Robson, P.; House, H.; Bateman, C. Do
cannabis-based medicinal extracts have general or specific effects
on symptoms in multiple sclerosis? A double-blind, randomized,
placebo-controlled study on 160 patients. Mult. Scler., 2004, 10(4),
434-441. [http://dx.doi.org/10.1191/1352458504ms10820a]
Flachenecker, P.; Henze, T.; Zettl, U.K. Nabiximols (THC/CBD
oromucosal spray, Sativex(R)) in clinical practice--results of a
multicenter, non-interventional study (MOVE 2) in patients with
multiple sclerosis spasticity. Eur. Neurol., 2014, 71(5-6), 271-279.
[http://dx.doi.org/10.1159/000357427]

Rog, DJ.; Nurmikko, T.J.; Young, C.A. Oromucosal delta9-
tetrahydrocannabinol/cannabidiol for neuropathic pain associated
with multiple sclerosis: an uncontrolled, open-label, 2-year extension
trial. Clin. Ther., 2007, 29(9), 2068-2079. [http://dx.doi.org/10.
1016/j.clinthera.2007.09.013]

Ferr¢, L.; Nuara, A.; Pavan, G.; Radaclli, M.; Moiola, L.;
Rodegher, M.; Colombo, B.; Keller Sarmiento, 1.J.; Martinelli, V.;

[228]

[229]

[230]

[231]

[232]

Suryadevara et al.

Leocani, L.; Martinelli Boneschi, F.; Comi, G.; Esposito, F.
Efficacy and safety of nabiximols (Sativex(®)) on multiple
sclerosis spasticity in a real-life Italian monocentric study. Neurol.
Sci., 2016, 37(2), 235-242. [http://dx.doi.org/10.1007/s10072-015-
2392-x]

Zajicek, J.P.; Hobart, J.C.; Slade, A.; Barnes, D.; Mattison, P.G.
Multiple sclerosis and extract of cannabis: results of the MUSEC
trial. J. Neurol. Neurosurg. Psychiatry, 2012, 8§3(11), 1125-1132.
[http://dx.doi.org/10.1136/jnnp-2012-302468]

Turcotte, D.; Doupe, M.; Torabi, M.; Gomori, A.; Ethans, K.;
Esfahani, F.; Galloway, K.; Namaka, M. Nabilone as an adjunctive
to gabapentin for multiple sclerosis-induced neuropathic pain: a
randomized controlled trial. Pain Med., 2015, 16(1), 149-159.
[http://dx.doi.org/10.1111/pme.12569]

Chagas, M.H.; Zuardi, A.W.; Tumas, V.; Pena-Pereira, M.A_;
Sobreira, E.T.; Bergamaschi, M.M.; dos Santos, A.C.; Teixeira,
A.L.; Hallak, J.E.; Crippa, J.A. Effects of cannabidiol in the
treatment of patients with Parkinson's disease: an exploratory
double-blind trial. J. Psychopharmacol., 2014, 28(11), 1088-1098.
[http://dx.doi.org/10.1177/0269881114550355]

Passmore, M.J. The cannabinoid receptor agonist nabilone for the
treatment of dementia-related agitation. Int. J. Geriatr. Psychiatry,
2008, 23(1), 116-117. [http://dx.doi.org/10.1002/gps.1828]

Zuardi, A.; Morais, S.; Guimaraes, F.; Mechoulam, R.
Antipsychotic effect of cannabidiol. J. Clin. Psychiatry, 1995, 56,
485-486.



